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XX. An Effay on Pyrometry and Areometry, and on Phy-> 
ft cal Meafures in general. By John Andrew De Luc, 
F.R.S. 


PART THE FIRST. 

Concerning the meafure of the expanfion of folids by heat. 

Read March 19,26,11 yry inveftigations of this rneafure 

and April 9, 1778. I VI . 

have been owing to accident. A 
new Hygrometer led me to them: I have already men¬ 
tioned this inilrument in the paper which the Royal So¬ 
ciety has done me the honour to infert in the laft volume 
of the Philofophical Tranfadtions. 

I had 


EJfai fur la Pyrometrle et l'Ariomllrie, et fur les Mefures Phy- 
Jiques en general. Par J. A. De Luc, Membre de la Societe 
Royale, &c. 

PREMIERE PARTI E. 

De la mefure des expanjkns des folides par la chaleur. 

M ES recherches fur cette mefure ont ete accidentelles: c’eft un nouvel Hy- 
grometre qui en eft l’occafion. Je faifois deja mention de cet inftrument 
dans le memoire que la Societe Royale m’a fait l’honneur d’inlerer dans le* 
Tranfaft. Phil, de l’annee derniere. 

D d d 17 Je 
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420 Mr. de luc on 

I had carried it with me to the top of the Hartz, with, 
an intention to repeat there the obfervation uponthedry- 
nefs of mountainous air, which I had made in the Alps; 
but it fell out, as it often does on mountains, that what 
I did obferve was the extreme humidity. 

I will not enter upon the conftrudtion of this in- 
ftrament, which I have not yet been able to take up 
again, to bring it to the exa&nefs of which it is capable: 
all that is neceffary to mention here is, that it is made of 
ivory, as the firft was, but in a glafs frame; and that 
the effe£ts of the humor upon ivory being inconfiderable, 
I wanted, in order to meafure them correctly, to deftroy 
the effect of heat upon the frame, which I have done (as 
in the compound pendulum) by the expanlion of a 
rod of brafs in a contrary direction. But to do this 
it became neceffary to determine the proportion between 

the 


Jc I’avois porte fur la plus haute fommite du Hartz, dans l’intention d'y repeter 
l’obfervation de la fecherefle de Fair des montagnes, que j’avois faite dans les 
Alpes: mais il arriva, ce qui arrive aufti tres fouvent fur les montagnes, que 
ce fut l’humidite extreme que j’y obfervai. 

Je n’entrerai pas dans le detail de la conftru&k>n de cet inftrument, que je n’ai 
pu reprendre encore pour l’amener au point d’exa&itude dont il eft fufceptible: 
il fuffira de dire ici, qu’il eft d’yvoire comme 16 premier que j’avois imagine, 
que fa monture eft de verre, et que les effets de 1 'humor fur Tyvoire etant ^eu 
conftderables, j’ai voulu, pour les mefurer corre&ement, detruire 1’eftet de la 
chaleur fur la monture; ce qui s’execute, comme dans les penduies compofes, par 
Texpanlion en fens contraire d’une lame de ieton. Ilfailloit done determiner les 

rapports 
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the dilatations of brafs and glafs by heat, and that was the 
occafion which led me to Pyrometry.- One cannot ad¬ 
vance a ftep towards the improvement of any of the 
faiences, without contributing at the fame time to bring 
the others to the fame level. 

Being thus obliged to know with fome degree of accu¬ 
racy the relations of dilatations between brafs and glafs, I 
began by confidering the methods which had been made 
rife of to eftimate them, and found in them nothing but 
uncertainty. The mountings of the inftruments were to 
be fufpe&ed, and their influence not fufficiently guarded 
againft: Micrometers appeared to me uncertain; for 
wheels and levers are liable toalmoft unavoidable irregu¬ 
larities; fimilar degrees of preflure in the contact are dif¬ 
ficult to eftimate; and fuch methods of increafing fmall 

phyfical 

rapports des dilatations du Icton et du verre par la chaleur; et c’eft cet objet qui 
m’a jette dans la Pyrometrie. On ne fauroit faire avancer d’un degre vers la 
perfection quelque branche des fdences, fans qu’elle tende a porter les autres au 
ineme niveau. 

Me irouvant done dans la ncceffite de connoitre avec quelque precifion ccs 
rapports des dilatations du leton et du verre, je rcflechis fur ies moyens qu’on 
avoit employes pour les determiner, et je n’y trouvai qu’incertitude. Les mon- 
tures des machines me parurent fufpeCtes; je ne trouvai pas qu’on fut aflez a l’abri 
des effets de leur propre dilatation: les Micrometres furtout me parurent peu furs: 
car des rouages etdes leviers fontfujets a des irregularites-prefque inevitables ; des 
degres femblables de preffion dans les conta&s font difficiles a faifir; et agrandir 

ainfl 
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phyfical effects render them indeed more apparent, but 

do not at all contribute to their exadt menfuration. 

I had heard the ingenious Mr. ramsden fay, that 
he had a notion of a Pyrometer different from all that 
had been invented; and knowing his great fkill in 
philofophical and mechanical matters, I applied to him, 
and preffed him to execute his idea. The multitude 
of his other engagements prevented his complying 
with my requeft; and he advifed me to look no far¬ 
ther for the proportions of the expanfions of brafs and 
glafs than to Mr. smeaton’s experiments, which he 
looked upon, W'ith reafon, as the belt that had been 
made r ‘f Still, however, upon my defiring him to ex¬ 
plain by what means he thought of being able to cor¬ 
rect the faults of the ancient inftruments, he was kind 
(a) Phil, Tranf. 1754. 

enough 


ainfi les petits effets phyfiques, c’cft bien les rendre plus apparents, mais nulle- 
ment les mefurer avcc exactitude, 

J’avois ou’i dire a 1 ’ingCnicux Mr. r amsden, qu’il avoit 1’idee d’un Pyrometre 
different de tous les autres; et connoiffant fa grande intelligence dans les matieres 
de phyfique et de mechanique, j’eus recours a lui, et je le preffai d’executer Ton 
plan. Mais la multitude des objets qui 1 ’occupent Ten fcmpecha, et il me con- 
feilla de m’en tenir pour le rapport des expanfions du leton et du verre, aux 
experiences de Mr. smeaton, qu’il regardoit avec raifon comme les plusfures*. 
Je priai ccpendant Mr. ramsden de m’expliquer par quel moyen il comptoit 
de pouvoir eviter les des machines anciennes; et il eut la complaifance 


* Phil. Tranf. 1754. 
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enough to do it, and told me, that he propofed meafuring 
the expanfions of bodies, by the Micrometer of a Mi- 
crofcope; by which means he fhould obviate the greateft 
mechanical difficulties. He added, moreover, that he 
had made a firft trial of his method a long while ago, 
and was allured of the fuccefs. 

This idea flruck me, and being very defirous of fol¬ 
lowing it in my prefent need, I determined, if I could hit 
upon any method within my compafs of ability, to un¬ 
dertake to execute it myfelf. 

I found many difficulties fo long as I only thought 
of abfolute meafures of the expanfions of bodies. I 
was determined not to fet to work without the hope 
of making an inftrument that fhould be really an exadl 
one, and the Micrometer always puzzled me. But 
coming happily to reflect that I did not want abfolute 

meafures, 


de le faire. II me dit done, qu’il fe propofoit de mefurer les expanfions des 
corps, au moyen du Micrometre d’un Microfcope; ce qui eviteroit les plus 
grandes difficultes mechaniques: ii ajoutameme, qu’il avoit fait depuis long tems 
un premier eflai de cette methode, et qu’il etoit perfuade du fucces. 

Cette idee me frappa; et defirant beaucoup d’en faire ufage dans mon befoin 
prefent, je me determinai a entreprendre de l’executer mohmeme, fi je pouvois 
imaginer quelque moyen qui fut a ma portee* 

Je trouvai beaucoup de difficultes a cette entreprife, tant que je ne fongeai 
qu’a des mefures abfolues des expanfions des corps. Je ne voulois pas mettre la 
main a Toeuvre, fans avoir i’efperance de faire ul*- machine vraiment exa£te; et 
le Micrometre m’embaralToit toujours, Mais yenant heureufement a'confiderer. 
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meaiures, and that it was enough for me to find the pro¬ 
portions of dilatibility between two different bodies, I 
was led by that idea to a very Ample method, which 
made all the difficulties vaniffi, and gave me the confi¬ 
dence I wanted to fet me to work. Afterwards, indeed* 
I went much farther than I expected in fhe abfolute mea- 
fures themfelves, as I ffiall ihew, after having firft ex¬ 
plained how I propofed to afcertain the relative expart- 
fions, and the great advantage of that method in prac¬ 
tice. 


Principle oft *wbiclf is founded the comparative meafure of 
the expanftons of bodies Py beat. 

I fuppofe (b) a perfon to take two rods of the tame fort 
of fubftance, or of two different fubftanceS equally 

dilatable 


queje n’avois pasbefoin de mcfures abfolues, ct qu’il me fuffifbit de trouvcr avec 
certitude les rapports des dilatabilites de deux corps differens, je fus conduit paj- 
la a une idee fort fimple, ou toutes les difficultes Yevanouirent: ce qui me 
donna la confiance dorftj’ayoisbefoin pour mettre la main a Poeuvre. Mai# 
enfuite j’ai efe plus loin que jeh’aurois ole efperct; dans les mefures abfolues 
memes; c’efl ce que j’expoferai, apres avoir explique d’abord, conunent je me 
propofai de trouver les expanftons relatives, et la furete qu’il y a dans la pra¬ 
tique en les envifageant fous ce point de vue. 

Principe de mefure comparative des expanftons des corps par lot chaleur « 

Je fuppofe (b) qu’on prennc deux branches de meme matiere, ou de matiercs 
Sgalement dilatables par la chaleur; et que, les pofant l*une fur Pautre, on les 

(b) See plate, vn» fig. x. And its explanatiM. 


lie 
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dilatable by heat, and laying them one over the other, to 
-rivet them together at one of their ends. If then they 
-are folidly fufpended by the oppofite end of one of the 
-rods only, and on the free rod there be marked a point, 
at the level of the point of fufpenfion of the other ; thefe 
two points will remain equally immoveable, whatever 
be the heat which affects the two rods, fo long as it 
affedts them equally : for the expanlion downwards in 
the fixed rod will be compenfated by the expan lion up¬ 
wards in that which is free; and confequently, the 
point marked upon this will always remain equally high, 
that is, correfponding in the fame manner with the 
point of fulpenfion of the other; fo the proportion of 
expanfions of the two rods will be that of equality, fince 
the diftances from the point of union of the rods to 
the two immoveable points will be equal; and that, con¬ 
fequently, 


-lie enfembie par un de leurs bouts: fi on les fufpend folidement par le bout 
■eppofe tie l’une des brandies feulement, et qu’on marque un point fur la branche 
libie vis a vis dn point de fufpenfion de l’autre, ces deux points refteroflt 
egakment immobiles, quelle que foit la cbaleur qui afFcfte les deux blanches, 
c {-s que ce feva egalement: car 1’allongement vers le bas dans la branche fixee, 
ferj compenle par l’al’on ement vers le haut dans la branche libre; et par con- 
fc- - lent le point marque fur celle-ci, red era toujours exa&ement a la memo 
hauteur, c’oft a dire vis a vis du point de fufpenfion de I’autre. Amfi le rapport 
-des expanfibilites des deux branches, fera celui d’egalite; puilque la diftance du 
.point de reunion des branches, aux deux points immobile:.-, lera la mcme, et que 
Vol. LXVIII. E e e -F* 
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fequently, the fame length of the two fubftances will be 

requifite to produce the fame lengthening of them by heat. 

But if the free rod fhould have more or lefs expanfibi- 
lity than the fixed rod, the immoveable point of the for¬ 
mer will not be any longer at the fame height as the point 
of lufpenfionof the latter; it will be lower, if its expanfibi¬ 
lity be greater, becaufe a lefs length of this rod will be re¬ 
quired to makeup for thewhole lengtheningof theother. 
It will be higher, on the contrary, if its expanfibility be 
lefs; and the diftances, from the point immoveable by 
fufpenfion, and the point immoveable by compenfation, 
to the point of union, will be always in the inverfe 
ratio of the expanfibility of the two fubftances. 

If then we can find this immoveable point by com¬ 
penfation, and its diftance from the point of union, that 
of the point of fufpenfion being given, we fhall have the 

relation 


par confequent il aura fallu une memo longueur des deux matieres, pour pro- 
duire un meme allongement par la chaleur. 

Mais li la branche libre a plus ou moins d’expanfibilite que la branche fixee, 
ie point immobile de la premiere, ne fera plus vis a vis du point de lufpenfion de 
1 autre: il iera plus bas ii ion expaniibilite eft plus grande; parce qu’il faudra moins 
de longueur de cette branche, pour compenfer tout l’allongement de l’autre: ii 
fera plus haut au contraire, fi fon expaniibilite eft moindre: et les diftances du 
point de reunion, au point immobile par la iuipeniion et au point immobile par 
compensation, feront toujours en raiion inverfe de l’expaniibilite des deux matieres* 
Trouver done ce point immobile par compenfation, et fa diftance au point de 
reunion, celle du point de fuipeniion etant connue, ce fera trouver lc rapport des 

expaniibilites 
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relation of the expansibilities of the two fubftances. 
Now nothing is eafier than to do this by means of a Mi¬ 
crofcope, furnished with a tingle immoveable wire; for 
the wire being fitted to a point of the free rod, and the 
two rods being equally warmed, if this point moves, it is 
a fign that it is not that which is fought for, which will 
then foon be found by pointing the Microfcope higher 
or lower on the free rod, according to what fhall have 
been indicated by the firft trials. 

Thus then will the relation of the expansibilities of 
two fubftances be procured without the necefiity of hav¬ 
ing recourfe to any Micrometer; confequently, without the 
rilks of the errors thofe instruments are fubjeft to, when 
they are ufed in very nice meafures. All that will be 
neceffary for the exadtnefs of the obfervations will only 

be, 


cxpanfibilites des deux matieres. Or il eft tres aife de le trouver par le moyen d\m 
Microfcope muni d’un feul fil immobile. Car en ajuftant ce fil fur un point de la 
branche libre, et echauftant egalement les deux branches, fi ce point fe meut, 
cc ne fera pas celui qu’on cherche; mais on le trouvera bientot par tatonnement, 
en pointant le Microfcope plus haut ou plus bas fur la branche libre, fuivant que 
les premieres tentatives Pauront indique. 

On aura done ainfi les rapports des expanlibiiites de deux matiercs, fans 
befoin de Micrometre, et par confequent fans etre expofe aux erreurs 
qu’il pourroit introduire dans des mefures auffi delicates: et tout ce qui 
eft neceflaire pour Pexaflitudc ne confifte qu’a s’alfurer, qu’un Microfcope 

E e e 2 et 
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be, to be affured, that, whilft the fubftances compared are 
warming, a Microfcope and a point of fufpenfion will be 
lfecured from being difturbed by any motion; which is 
not very difficult. 


Defcription of an injlrnment , intended to find out the com*- 
parative expanfibilities of bodies by heat. 

I flatter myfelf, that a defcription will make this in- 
ffrument fufficiently underflood to render it unneceflary 
for me to give a figure of it: fhould the Society, how¬ 
ever, be defirous of having a drawing of it, I' fhall with 
pleafure obey their commands'^.. 

The balls of the inftrument is a rectangular piece of 
deal-board, very ftrait-grained, two feet and a half long, 
fifteen inches broad, and one inch and a half thick : it is 
to this that all the other parts are fixed. The firft thing 

I, did 


et un point clc fufpenfion feront mis a 1’abri de tout mouvement, tandis qu’on 
echauffera les matieres comparees; ce qui n’eft pas bien difficile. 


Defcription (tun inftrument define a trouver les expanjibilites comparatives des corps 

par la chalcur. 

Je creis pouvoir me difpenfer de donner une figure de ma machine, parce que 
j’eTpere qu’une Ample defcription la fera comprendre. Si cependant la Societe 
Royale fouhaitoit quejeJa fifie deffiner, je me conformerois a fbn intention^. 

Une planche de fapin a fibres bien droites, de 2} pieds de long, 15 polices de 
large, et j| pouced’epaifleur, fait la bafe de la machine.. C’eft a cetteplanche 
( c ) See plate vn. fig. z. and its explanation. 


que 
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I did was, to mount it in the manner of a table, with four 
deal legs, each a foot long, and an inch and a half fquare, 
very folidly fitted near its four angles, and kept together 
at the other ends by four crofs pieces, likewife very folid. 
Ifliall always confider this fmall table as hung to a Hand, 
capable of being tranfported to whatever part there is 
moft light in; the board being in a vertical fituation in the 
direction of its grain, and bearing its legs forward in fuch 
a manner as that the crofs pieces which join them may 
form, a frame, likewife placed vertically facing the ob- 
ferver. 

This frame fuftains the Microfcope, which is firmly 
fixed in another frame that moves in the former by 
means of grooves; but with fuch a degree of tightnefs as 
fo render it neceffary to ufe fmall ftrokes of a hammer in 
order to make it flide. The preffure of four ferews 

will 


que font attachees toutes fes autres parties. Je lVi montee d*abord comme une 
petite table, ayant quatre jambes de fapin d’un pied de long et d’l j. ponce en 
quarre, pofeesbien folkfementpres de fes quatre angles, et reuniee a l’autre extre- 
mite par quatre traverfes aufli tres foiides. Je fuppoferai toujours cette petite 
table fufpendue a uft fupport propre a etce tranfporte la ou l’on aura le plus de 
lumiefe, fa planche etant dans one fituation verticale dans la dire&ion de fes 
fibres, et portant fes quatre jambes en avant, de maniere que les traverfes qui 
fes reuniifent forment un cadre, fitue aufli verticalement en face de i'obfervateur. 

C’e& a ce cadre quVfe foliclement adapte le Microfcope, daws un chaffis 
monte et defeend a eouliife, et avec alfez de juftefle, pour qu’H faille 
employer de petits coups de marteau pour le faire mouvoirt la preflion de 

qvatre 
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will give it the degree of friction one thinks proper. I 
preferred this mode to that of moving the Microfcope 
by a fcrew, becaufe this laft would have required metal, 
which is more fufceptible of the impreffions of heat than 
deal is; and becaufe the execution of it would have been 
longer, and more expenfive, from the degree of perfec¬ 
tion it would have required, whilft this limple method 
has fucceeded perfectly well. 

The inner Hiding frame, which is likewife of deal, keeps 
the tube of the Microfcope in an horizontal pofition, 
and in great part without the frame, infomuch that the 
end which carries the lens is but little within the fpace 
between the frame and the board. This Microfcope 
is conftrudted in fuch a manner as that the objedt 
obferved may be an inch diftant from the lens, and 

it 


quatre vis lui donne le degre de frottement que Yon veut. J *ai prefere ce 
moyen, a celui de conduirc le Microfcope par une vis; parce que ce dernier 
auroit exige du metal, plus fufceptible des impreffions de la chaleur que lefapin; 
et que I’execution auroit ete plus longue et plus ditpendieufe, par la perfc&ion 
qu’elle eut exige: tandis que cette voyefimple aparfaitementreuffi. 

Le chaffis, qui eft auffi de fapin, tient le tube du Microfcope litue horizon* 
talement, et en grande partie au dehors du cadre; telleinent que le bout qui porte 
la lentille n’eft que fort peu en dedans de l’efpace compris entre le cadre et la 
planche. Ce Microfcope eft conftruit de maniere, que Tobjet obferve peut etre 
4 a u n 



Pyrometry and Areometry , See. 431 

it has a wire which is fituated in the focus of the glafles 
in which the objeits appear reverfed. 

At the top of the apparatus there is a piece of deal, 
an inch and a half thick, and two inches broad, lain in 
an horizontal direction from the board to the top of the 
frame. It is this piece to which the rods of the different 
fubftances, whofe expanfion by heat one wants to mea- 
fure, are fufpended: one end of it Hides into a focket, 
which is cut in the thicknefs of the board; and the 
other end, which refts upon the frame, meets there 
with a ferew which makes the piece move backwards 
and forwards, to bring the obje< 5 ts to the focus of the 
Microfcope. There is a cork very ftrongly driven through, 
a hole bored vertically through this piece; and it is in 
another hole, likewife vertical, made through the cork, 

that 


a un poucede diftancede lalentille; et il porte un fil au foyer des verres, ou lea 
objets fe peignent renverfes. 

Au haut de i’appareil eft une piece de fapin, d'un poucc et demi d’epaifleur et 
de deux pouces de largeur, qui part horizontalement de la planche et vient fe 
repofer fur le haut du cadre. Cell a cette piece que font fufpendues verticale- 
ment les branches des diverfes matieres dont on veut mefurer Texpanfion par la 
chaleur: ellegliffe parun bout, en tenon, dans une mortaife percee dansfepaif- 
feur de la planche*, et 1'autre bout, qui repofe fur la cadre, y eft re$u par une 
vis qui fait mouvoir la piece en arriere ou en avant, pour amener les objets au 
foyer du Microfcope. Un bouchon de liege pafle avec force par un trou perce 
verticalement dans cette piece; et e’eft par un trou, aufli vertical, qui traverfe 

cc 
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that the rods are fixed at the top: fo that they hang only., 

and their dilatation is not counteracted by any prefiiire. 

In order to convince myfelf of the folidity of this in- 
ftrument, I adjufted the wire of the Microfcope upon a 
point of a rod thus fufpended, and left it in that ftate for 
feveral hours, during which I not only moved but ftruck 
the machine, without perceiving any change in the rela¬ 
tive pofition between the point and the wire, which per¬ 
fectly anfwered my end. 

The next thing to be done was to heat my rods : for 
this purpofe I procured a cylindrical bottle of thin glafs, 
about twenty-one inches high, and four inches in dia¬ 
meter, which I placed in the infide of my machine, 
upon a ftand independent of the reft of the apparatus. 
The rods are fufpended in this bottle at a little lefs than an 

inch 


cc liege, que les tranches font retenues par leur bout fuperieur: elles font ainfi 
limplement fufpendues, et par confequent leur dilatation ne fe confume a aucun 
effort* 

Pour m’affurerde la folidite de cette machine, j’ajuftai le fil du Microfcope fur 
tin point d’une tranche ainfi fufpendue, et je ie laiffai dans cet etat pendant plu* 
iicurs heures, en tranfportant et heurtant meme la machine, fans appercevoir 
aucun changement dans le rapport du point avec le fil : ce qui repondoit parfaite- 
ment a mon but, 

11 s'agilfoit alors d’ecliauffer mcs branches* Je fis faire pour cela une bou- 
teille cylindrique de verre mince, de 21 pouces de liaut et de 4 pouces de dia* 
metre, que je pla$ai dans Pintericur de ma machine fur un fupport independaiit 
de tout le rclle de rappareil, Les branches pendent dans cette bouteille a un peia 
7 rnoins 
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inch diftance from one of the fides, in order to have 
them near the Microfcope. I poured into this bottle water 
of different degrees of heat, which I ftirred about with 
a little piece of wood, fattened horizontally at the end of a 
ttick, which I moved upwards and downwards at one 
of the fides of the bottle; in this water I hung a ther¬ 
mometer, the ball of which reached to the middle of the 
height of the rods. 

The water during thefe operations rifes to the cork, 
which thus determines the length of the heated part: 
the bottle is covered, to prevent the water from cool¬ 
ing too rapidly at the furface; and a thin cafe of brafs 
prevents the depofit of the vapor upon the piece of deal 
to which the rods are fixed. 


This 


moins (Tune poucc de diftance de l’undes cotes, parce qu’il faut qu’elles foyeat a 
portec du Microfcope, Je verfe de l’eau a diverfes temperatures dans cette bou- 
teiile, et pendant les experiences, j’agite cette eau par le moyen d’une petite 
planchette tenue horizontalement au bout d’un baton, que je fais mouvoir de 
haut en bas et de bas en haut a Tun des c6tes de la bouteille. Je fufpends dans 
cette eau un Thermometre dont la boule atteint le milieu de la hauteur des 
branches. 

L’eau, pendant les operations, s’eleve jufqu’au liege, qui determine ainli la 
longueur de la partie ichaufSe, La bouteille a un couvercle, pour empecher le 
rcfroidiiTement trop rapide de l’eau & la furface j et un etui de leton mince 
empeche & vapeur de fe depofer fur la piece de fapinou les branches font fixees. 

F f f Voila 
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This is a iketch of my machine, the whole of which 
confifts in the keeping the Microfcope and the point of 
fufpenfion of the rods free from motion during the 
obfervation, and in heating the rods, with water. I will 
now give an account of the experiments I have made 
with it. 


Application of the method of finding the proportions between 
the expanjibilities of different matters by heat.—Deter¬ 
mination of the relative expanfibilities of brafs and 
glafs. 

The firft experiment I made with this machine was 
that which I wanted for my Hygrometer. I took a 
glafs tube, fimilar to thofe which are made ufe of for 

common 


Voila l’efquifie de cette machine, ou tout confide a rendre le Microfcope et le 
. point de fufpenfion des branches a I’abri de mouvement pendant l’obftrvatibn$ 
et a echauiFer les branches par le moyen de l’eau. Je vais maintenant rendre 
compte des experiences que j’ai faites par fon moyen. 

Application de la methods de trouver les rapports des expanfibilites de matieres dif¬ 
fer entes par la chaleur.—Determination des expanfibilltes relatives au leton et du 
verre. 

La premiere experience que- je fis avec cette machine, fut celle dontj’avois 
befoin pour mon Hygrometre. Je pris une branche de verre percee, femblable a 
celles qu’on employe aux Barometres communs dont le tube ell fort epais: ces 

tubes 
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common Barometers; that which I ufed for the frame of 
my Hygrometer, and on which I made the experiment, 
had an external diameter of about three-eighths, and an 
internal of about one-eighth of an inch: the rod was from 
twenty-one to twenty-two inches long, but it pafled under 
the cork only eighteen Englilh inches, reckoning from the 
point to which was fixed at its bottom the lamella of brafs 
the dilatation of which I wanted to compare with that of 
theglafs. The lamella was applied from this point length¬ 
ways and upwards along the tube: it had been made thin 
by rollers, to render it the more elaftic; and as it was too 
thin to fupport itfelf upright, I kept it ftretched in 
that direction by means of a thread, which, going over 
a pulley, bore at its other end a weight fit to give it 
the fame degree of tenfion which it has in my Hygrome¬ 
ter. 

Upon 


tubes dontje fais ufage pour la monture de mes Hygrometres. ct que jc (bumis a 
Texperience, ont environ | de pouce dc diametre cxtericur, et d’| a rintcricur. 
Le tube que j’emploiai avoit 21 a 22 pouces de long, mais il n’excedoit Ic liCge 
que de 18 pouces Anglois, a compter du point ou etoit fixeedans Ic has la lame de 
leton dontje voulois comparer la dilatation avec cclledu verre. De ce point, la 
lamede leton s’elevoit le long du tube, Ellc etoit faite au *amlnoirpour la rend re 
plus elaftique; etcommeelle fe trouvoit trop mince pour ft* foutenir dc ’. out par 
elle-meme, je latenois tendue dans cette direction par un fil, qui, paliant for 
une poulie, portoit a fon autre bout un poids propre a lui dormer Is mdine degrt de 
tention qu’elle eprouve dans mon Hygrometre, 

F f f a J’avoin 
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Upon this lamella I had marked a fcale which be¬ 
gan at its point of union with the glafs, and was divided 
into fmall equal parts at the fpace along which I thought 
I might be obliged to move my Microfcope, in order to 
look for the point which would neither rife nor fall 
by the variations of the heat. 

Hitherto the difficulties had been inconfiderable, or 
rather I had experienced none at all: but it was not fo in 
the phyfical inquiry which was my firft objedt. The 
nearer we fiurvey nature, the more we fee of the diffi¬ 
culty there is in unfolding her myfteries; as in the affairs 
of ordinary life, thofe ever find them the moft difficult, 
who underftand them belt. The moral and phyfical 
Microfcope are equally fit to render men cautious in 
their theories. 

The 


J’avois trace fur cette lame une echelle qui partoit de Ton point de reunion 
avec le verre, divifee en petites parties egales dans l’etendue ou je penfois pou- 
voir etre oblige de promener mon Microfcope pour chercher ce point fixe, 
c’eft a dire le point qui ne monteroit ni ne defcendroit par les variations de la 
ehaleur. 

Les difficultes avoient ete fort peu confiderables jufques la, ou plutot je n’en 
avois eprouve aucune* Mais il n’en fut pas de meme dans la recherche phy¬ 
sique qui etoit mon premier objet. Plus nous voyons de prts la Nature, plus 
nous apperCevons les difficultes qu’elle oppofe a fe laiiler devoiler. C’eft ainft 
que dans les affaires memfes de la vie, il n’y a perfonne qui les trouve plus diffi- 
ciles que ceux qui les voyent le mieux. Le Microfcope, phyfique ou moral, eft 
bien fait pour rendre l’homme circonfpeft dans fes theories. 

La 




Pyrometry and Areometry , 8cc. 437 

The firft phyfical difficulty I met with was not new 
tome: I had already met with it in two different ma¬ 
chines in which I had made ufe of metals; in the one, 
to mark the variations of the heat; in the other, to com- 
penfate the effects of it: it was the irregular dilatations 
of metals. 

The laft of thefe machines, which is that on which I 
have beftowed the moil: care, and which I have ftudied 
with the greateft attention, corrects the effe&s of the 
heat upon a Barometer, and upon an Hygrometer of my 
firft conftruilion, which is joined to it. A ftrong rod of 
well hardened brafs fupports upon an edge, at a con¬ 
venient diftance from the center of motion, a lever, 
which holds the fcale of the Barometer fufpended, and 
makes it rife or fall by the dilatation or condenfa- 
tion of the brafs rod, as the quickfilver rifes or falls in 

the 


La premiere des difficult^ phyfiques que j*ai rencontrees ne m’etoit pas in- 
connue: je l’avois deja eprouvee en deux machines differentes ou j’avois em¬ 
ploye des metaux, dans Pune pourmarquer les variations de la chaleur, et dans 
Pautre pour en compenfer les effets; c’eft Pirregularite des dilatations des metaux. 

*La derniere de ces machines, qui eft celle a laquelle j’avois donne le plus de 
foin, et que j*ai etudiee avec le plus d’attention, corrige les effets de la chaleur 
fur un Barometre, et fur un HygromCtrede ma premiere conftru&ion qui luieft 
joint. Une forte branche de leton, bien durcie a la filiere, foutient fur un 
tranchant, a une diftance convenab’e du centre de mouvement, un Ievier qui 
tient fufpendue Pechelle du Barometre, et qui la fait monterou defcendre, par la 
dilatation ou condenfation de la branche de leton, comme le mercure monte ou 

defcend 
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the Barometer, by the correfponding variations of heat. 
This fcale of the Barometer, when it moves, draws or 
loofens a thread of iilk-grafs, which goes over a fmall 
pulley placed upon the fame axis with a much larger 
one, to which the fcale of the Hygrometer is hung 
likewife by a fimilar thread, which thus varies, by the 
proportion of the diameters of the pullies, as the heat 
makes the quickfilver in the Hygrometer vary. 

This inftrument is extremely convenient for meteoro¬ 
logical obfervations, becaufe it faves one obfervation, and 
two corrections for the heat, and thus makes a faving of 
time,which is fpecially precious to theAftronomer,who has 
fo many objects of attention. But it is neceflary from time 
to time to correct an irregularity in it, w r hich one eafily 
perceives by means of an index carried by the moveable 

fcales 


defccnd dans le Barometre par les variations correfpondantes de la chaleur. 
Cette eehvlle du Barometre, dans fes mouvemens, tire ou t cliche nn fll de pite, 
qui pa He fur une petite poulie, mife fur un meme axe avec une autre beaucoup plus 
grande a laquclle pend, aufli par un fil de pite, rechelle do THygromCtre, qui 
varic ainfi, par le rapport des diametres des poulies, conime la chaleur fait 
varser le mercure dc FHygronutre. 

Cct inftrument eft tres commode pour les obfervations mCteorologiques, parce 
qu’il ditpenic d’une obfervation et de deux corre£tions pour la chaleur, et qu’il 
epargne ainfi du terns; ceconomic principalement utile a 1 Aftronome, qui a 
rant d’objets d’attention a la fois. Mais il faut y corriger de terns en terns une 
nTegularite, qu’on apper^oit aifement par lc moyen d’un index que portent les 

ethelles 
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fcales of the two inftniments, which, going over im¬ 
moveable fcales of the fame fort, fhews their dif¬ 
ference of height. When this difference is no longer 
conformable to the indication of the Thermometer, it is 
ealily rectified by turning fmall pegs, on which are 
twifted ithe thread of filk-grafs which ferves for the fuf- 
penfion of the fcales. 

The irregularity of which I have been fpeaking con- 
fifts in this, that when the heat, after having varied, 
returns to the fame point of the quickfilver Thermome¬ 
ter, the metallic Thermometer does not return to it 
exactly, but varies nearly in the following manner. 
During the fummer the metallic Thermometer gains con- 
ftantly on the other; I mean, that amidft its variations, 
if always preferves a fmall part of. the lengtheniiig, 

which 


€chelles mobiles dos deux inftrumens, et qui, paflant fur des echelles immobiles 
femblables, fait voir ainfi Ieur difference de hauteur* Si cette difference ceffe 
d’etre conforme a l’indication du Thermometre, on la re&ifie aifement, en tour- 
nant de petites chevilles fur lefquelles s’enveloppent les fils de pite qui fervent a 
la fufpenfion dcs echelles. 

L’irregularite dont il s’agit confide en ce que, lorfque la chaleur, apres avoir 
varie, revient au merne point fur le Thermometre de mercure, le Thermometre 
metallique n’y revient pas toujours exa&ement; et la marche des irregularites 
eft celle-ci: en Ete, le thermometre metallique gagne de plus en plus fur l’autre; 
c’eft: a dire que, dans fes variations, il conferye toujours quel'que petite partie dc 

fallonge- 
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which is at that time its ordinary ftate. In winter, on 

the contrary, it becomes infenfibly a little too fliort. 

The other metallic Thermometer I have mentioned is 
made of lead. I made it feven or eight and twenty years 
ago, for an inftrument which is more agreeable than 
ufeful, on account of its irregularity. A rod of lead, 
communicating by a thread of filk-grafs, with a fmall 
pulley fixed to the fame axis with a greater one, con¬ 
duits, by means of another pulley, a needle through 
whofe axis, which is bored, pafles another axis which 
carries the needle of a pulley Barometer. Thus this in¬ 
ftrument marks the heat and weight of the air upon 
two concentric circles, by means of two needles turn¬ 
ing upon the fame center, as in clocks; befides which, 
the needle of the Thermometer points out upon a 
third circle the correction for the heat, to b® made 

on 


l’allongement qui fait alors fon etat ordinaire: en liiver au contraire, il devient 
infenfiblement un peu trop court. 

L*autre Thermometre metallique dont j'ai parley eft de plomb. Je le fis il 
y a 27 ou 28 ans pour une machine plus agreable qu’utile a caufe de fon irregu- 
larite. Une branche de plomb, comm uniquant aufli par un fil de pite avec 
une petite poulie, mife fur un meme axe avec une plus grande, conduit, par 
une autre poulie et au moyen d’un contrepoids, une aiguille, dont Paxe 
perce, laifle palfer celui qui porte Paiguille d'un Barometre a poulie. Ainfi 
cet inftrument marque fur deux cercles concentriques la chaleur et le poids 
de Pair, par deux aiguilles tournant fur un meme centre, comme dans les 
pendules; et celle du Thermometre indique de plus fur un troifieme cercle, 

la 
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on the Barometer, which at that time I had already de¬ 
termined. 

The irregularities of this laft metallic Thermometer 
are of the fame nature, but much more eonfiderable than 
thofe of the other: this had already made me fufpedt, 
that they proceeded from the metal itfelf, though the 
wood, of which the frame was made, appeared a Httle 
fufpicious on account of the humidity. 

I met with the fame effects in my laft experiments, 
when the frame no longer interfered ; and the irregularity 
(hewed itfelf in this manner. Whenever I had obferved 
the point at which my Microfcope pointed upon the la¬ 
mella of brafs, which was fufpended, with the rod of 
glafs, in water at the temperature of the air, and 
then put warm water in the room of this; if I cooled the 

water 


la correction a faire pour la chaleur fur le Barometre, que j’avois deja deter - 
minee alors. 

Les irregularites de ce dernier Thermometre metallique, qui font de memo 
nature que celies de l’autre, font encore beaucoup plus grander ce qui m’avoit 
deja fait foup^onner qu’elles procedoient du metal memej quoique la mqnture, 
qui eft de bois dans les deux machines, me fut un peu fufpedte a caufe de 
Thumidite. 

Dans mes dernieres experiehces j’lai eprouve les memes eftetsj Ot ici la mon- 
ture n^etoit plus une raifon de doute. Voici comment cette irregularite fe ma- 
nifeftoit. Quand j’avois obferve le point ou mon Microfcope vifoit fur la lame 
de leton fufpendue avec la branche de verre dans l’eau a la temperature de 1’air, 
et que je fubftituois a cette eau de l’eau chaude; ft je refroidiflbis l’eau peu a pen, 
Vol. LXVIH. G.gg je 
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water by degrees, I found that the lamella of brafs pre- 
lerved a little of its lengthening. I did not fufp&St the 
rod of glafs, becaufe the elafticity of this fubftance is 
phyfically perfect, and that this quality feems to me to 
be proper to bring back bodies to the fame ftate, when¬ 
ever the caufes, of what nature foever they be, which have 
drawn them from it, ceafe: and I had. foon after direct evi¬ 
dence of the irregularity not proceeding from the glafs. 

It was eafy for me to find the proportion of the lengths 
of the brafs and the glafs, which,,changing fuddenly the 
water, which had the fame temperature as the air, for 
warm water, produced no difference in the heighth of 
the point upon which the Microfcope pointed: which 
fhewed that the two fubftances had been equally ex¬ 
panded in contrary directions; but when I afterwards 

gradually 


je trouvois que la lame de leton confervoit un pcu de fon allongemcnt. Je ne 
fufpe&ois pas la branche de verre; vu que Pelafticite de cette matiere eft phy- 
fiquement parfaite, et que cette qualite me paroit propre a ramener les corps au 
merae etat, quand les caufes, quelles qu’elles foyent, qui les en ont tires, vien* 
nent a ceffer: et j’eus lieu enfuite de reconnoitre immediatement que 1’irregu- 
larite ne venoit pas du verre. 

II me fut aife de trouver la proportion des longueurs du leton etdu verre par 
laquelle, changeant tout a coup Teau qui etoit a la temperature de V air, en de 
l’eau chaude, il ne fe trouvoit aucune difference dans la hauteur du point fur 
lequel le Microfcope vifoit: ce qui montroit que les expanfions des deux matieres 
en fens contraires avoient ete egales. Mais en diminuant enfuite par degres la 
% chaleur 
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gradually diminilhed the heat of the water, this point 
rofe little by little; that is to fay,the lamella of brafs pre¬ 
served a part of its lengthening, whilft the rod of glafs 
contracted itfelf to the fame point at which it was at the 
beginning of the experiments. After a number of iimi- 
lar trials, which always ended in the fame manner, I 
went to work another way: when no change had been 
produced in the heighth of the point, by the fudden 
change of water of the fame temperature as the air 
into warm water, I immediately pur, in the place of 
that warm water, water of the fame temperature as 
the air, and in that cafe the point did not change nei¬ 
ther. 

It will not be ufelefs to mention here, that I had 
in my bottle a fyphon with a cock, by which I drew 
out the water without motion; and that I poured it 

in 


chaleur de l’eau, ce point s’elevoit peu a peu; c’eft a dire que la lame de leton con- 
fervoit une partie de ion allongement, tandis que la branche de verre fe contrac- 
toit au meme point ou elle l’etoit au commencement de l’experience. 

Apres nombre de tentatives de meme efpece, dont les refultats furent tofi- 
jours femblables, je procedai d’une autre maniere. Lorfque, par le changement 
fubit de l’eau qui etoit a la temperature de 1’air, en eau chaudc, il ne s’etoit fait 
aucun changement dans la hauteur du point, je fubftituois, fubitement auffi, a 
cette eau chaude, de l’eau a la temperature de l’airj et alors le point ne changeoit 
pas non plus, 

II ne fera pas inutile de dire id, que j’avois un fyphon a robinet dans ma hou- 
teille, par lequel je retirois l’eau fans mouvement; et que je l’y yerfois au travera 

G g g 2 d’u* 
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in through- a Tong tunnel, by which means every thing 
remained quiet during the time of the experiment. 

By comparing thefe two obfervations together, it 
fhould feenij that when the igneous fluid is agitated for 
fome time, in fubftaiiees, the particles of which have not 
that ftrong tendency towards each other which confti- 
tutes elafticity, it produces fome change in the arrange¬ 
ment of thefe particles, which hinders the compound 
from refuming the fame bulk upon the return of the 
fame degree of heat; a change which there is not time to 
bring about, when the variations are l'udden, if there be 
at leaft fome elafticity in the matter. 

In fupport of this we already know, that glafs, the 
moft elaftic of known lubftances, is not fubjeft to this 
irregularity, as I fhall foon fhew; that brafs, which is 
much lefs elaftic, is fenfibly affedted by it; and that lead, 

the 


d’un entonnoir a long tuyau. Arnfi tout reftoit tranquille pendant l'experience. 

Ces deux obfervations comparees femblent dona indiquer, que lorfque le 
fluide igne s’agite pendant quelque terns dans les matures dont les particules 
n’ont pas entr’elles cette forte tendance qui fait Pelafticite, il produit dans 1’ar¬ 
rangement de ces particules quelque changement, qui empeche les compofes de 
reprendre exa&ement le meme volume quand le meme degre de chaleur revknt: 
changement qui n’a pas le terns de s’effeauer, lorfque les variations font fubites, 
s’il y a du moins quelque elafticite dans la matiere. 

Nous avons deja pour fondement de cette idee, que le verre, la plus ifeftique 
des matitres connues, n’eft pas fujet a cette irregularite, comme je le montrerai 
b.’entot; que le leton, bien moins elaftique, l’a fenfiblement; et que le plomb, 

le 
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the leaft elaftic of all metals, is ftill more fubjeeft to it than, 
brafs, as I have experienced in my Thermometer made 
of it. Befides, this feems to have an abfolute dependance 
upon that general law, that the lefs elafticity l'ubftances 
have, the lefs time is neceffary to make them take the 
bent one means to give them : lead takes it inftan- 
taneoufly; glafs never takes it at all. A ball of the crumb 
of bread, which one fo eafily falhions in one’s fingers, 
preferves its form when it is thrown with violence 
againft a plain furface; becaufe the fluid which confti- 
tutes its elafticity has not time to efcape. Wood, brafs, 
and fteel, refill:, but in the end give way. This effect is 
probably the fame with that which the humor produces 
in the bodies it penetrates, which by degrees likewife 
take the habit of their ftate; and this fo much the more 

as 


le moins elaftique de tous les metaux, y eft encore beaucoup plus fujet que le 
leton, comme je Tai vu dans mon Thermometre fait do cette matiere, D’ailleurs 
cela me paroit rentrer abfolument dans ce phenomene ft general; que moins les 
matieres ont d’elafticite, moins il faut de terns pour leur faire contra£ler le plis 
qu’on leur donne: le plomb le prend dans Tinftant; le verre ne le prend jamais ; 
uneballe de mie de pain, qu’on fa^onne ft aifement entre fes doigts, conferve fa 
forme en bondiflant, quand on la jette avee violence contre une furface unie, 
parce que le fluide qui fait fon elafticite n’a pas le terns de s’echapper; le bois, 
le leton, 1’acier, refiftent, mais enfin (e rendent. Cet effet eft probablement le 
meme que celui que produit 1 'humor dans les corps qu’elle penetre, auxquels 
nous voyons aulft prendre peu a pcu l’habitude de leur etat, et- d’autant plus 
n qu’ik 
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as they are lels elaftic: this is what made me chufe to 
make my Hygrometer of ivory, as I have already faid in 
my paper on that Subject. 

If this conjecture upon the effecfts of heat in bodies 
which have little elaftidty be grounded, as I think it is, 
clocks would gain fome more regularity, if in the compo¬ 
sition of their pendulum, glafs were ufed inftead of fteel, 
and bell-metal inftead of brafs; for thefe two lubftances 
being the moft elaftic we are acquainted with, by uniting 
them we Should be much Surer of preferving the fame 
length of the pendulum in the variations of the heat. 

There would be another Small advantage in making 
ufe of thefe fubftances, which is, that bell or mirrour 
metal, having the fame expanfibility as brafs, as Mr. 
bmeaton has demonftrated by his experiments, and glafs 

having 


qu’ils font moins elaftiques. C’eft ce qui m’a fait choiiir Py voire pour PHygro- 
metre, comrae je l’ai dit dans mon memoire fur cet inftrument. 

Si cette conje&ure fur les effets de la chaleur dans les corps peu elaftiques, 
eft fondee,^comme elle me paroit Petre, il y auroit quelque chofe a gagner pour la 
regularity des pendules, a employer le verre au lieu de Pacier, et le metal de 
cloche en place du leton, dans la compofition de la verge de leur pendule. Car 
ces deux matieres etant les plus elaftiques que nous connoiflions, nous ferions 
bien plus fursde conferver par leur combinaifon, une meme longueur au pendule 
dans les variations de la chaleur. 

On auroit encore ce petit avantage en employant ces matieres, que le metal 
de cloche ou celui des miroirs ayant la meme expanfibilitc que le leton, comme 
Mr. smeaton Pa trouve par fes experiences, et le verre en ayant raoins que 

Pacier, 
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having lefs than fteel,, the grid-iron would be fliorter or 
more Ample. 

The proportion of the dilatations of brafs and fteel, 
being only as five to three, it is impofiible to compenfate 
the dilatation of the fteel by a Angle rod of brafs; for as 
there muft be a fecond rod of fteel to go downwards 
again, there will be two lengths of fteel for one of brafs, 
for which a proportion in the dilatation of Ax to three, 
or two to one, would not even fuftice. One is therefore 
obliged to have a fecond rod of brafs, which goes up¬ 
wards, by which means the grid-iron comes to be com- 
pofed of nine rods, the two afcending pairs of which are 
brafs. Thus then the lens, which is always very heavy, 
is born by the top of one of the pairs of the rods, which, 
through the medium of a pair of rods of fteel, are them- 
felves fupported on the top of the other pair of the rods 

of 


Tacier, on auroit une grille moins longue ou plus fimple. 

Le rapport des dilatations du leton et de Tarier etantfeulement de 5 a 3, il 
eft impoffible de compenfer la dilatation de Tacier par un feulretour du leton de 
bas en haut. Car comme it’faut enfuite une autre branche d'acier qui redefcende 
pour porter lalentille, on a deux longueurs <Tacier pour une de leton; a quoi un 
rapport des dilatations de 6 a 3 ou 2 a 1 ne pourroit pas meme fuffirc: je ne 
m’arreterai pas a le montrer. On eft done oblige de faire remonter une feconde 
f6is le leton; et e’eft par cette raifon quela grille eft compolee de 9 branches, dont 2 
paires montantes font de leton. Ainli la lentille, qui eft toujours d'un aftezgrand 
poids, eft portee pai le haut de Tune des paires, qui, elle meme, par Tentremile 
d’une pairc de branches dicier, pefe fur le haut de Tautre paire de branches ds 

lecon^ 
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of brafs, Now there muft be fome flexion in thefe rods 
of brafs during the ofcillations of the pendulum, in 
which the lens acquires a fmall centrifugal force from 
the end of one vibration to the other, and thus weighs 
differently upon the rods. Befides, this neceffity of turn¬ 
ing back twice, increafes the total length of the rods, and 
confequently all the caufes of irregularity. On the con¬ 
trary, by making ufe of bell-metal and glafs, the dilata¬ 
tions of which are as feven to three, & Angle pair of 
rods of the former, will be fuflicient to compenfate the 
dilatations of the glafs rods; confequently the grid¬ 
iron may either be fliorter, or made up only of five 
rods, a pair of glafs ones defeending on the outfide, 
a pair of bell-metal ones afeending on the infide, and a 
glafs rod defeending at the center, and carrying the lens. 

This 


leton. Or ii doit y avoir quelque Flexion dans ces branches de leton par les 
ofcillations du pendule; la lentille acquerant un peu de force centrifuge d*une 
extremke a i’autre de chaque excurfion, et pefant ainfi differemment fur les 
branches. D’ailleurs cette neceilite de retourner deux fois eri arriere, augmente 
la longueur totale des branches, et par confequent elle augmente toutes les 
caufes d'irregularite. Aulieu qu’en employant le metal de cloche et le verre, 
dont les dilatations font comme 7 a 3, une feule paire de branches du premier, 
j'uffira pour compenfer la dilatation des brandies de verre. La grille pourra 
done etre ou plus courte, ou compofee feulement de 5 branches: une paire de 
verre defeendantes a l ? exterieur, une paire de metal de cloche montantes en 
dedans, etune branche de verre defeendante au centre pour porter la len¬ 
tille. 
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This diminution of the total length of the rods, and that 
of the flexion, rauft contribute ta increafe the regularity 
of the pendulum, independently of the greater regu¬ 
larity of the expanfion of the fubftances themfelves. 

As I have begun this digreffion upon an object lb 
effential to clock-making, I lhall obferve farther, that the 
experiments I am fpeaking of are applicable to it in ano¬ 
ther refpedf, which feems to me of fome importance. 
Subftances of the fame denomination are not homoge¬ 
neous enough for us to conclude, that what has been, 
found in the one, with refpe6t to their very delicate pro¬ 
perties, will always be exadtly the fame in the other; 
and that, for inftance, the lengthening of a certain rod 
of brafs by heat, is an indication that every rod of brafs 
will have precifely the fame lengthening. My opinion 

therefore 


tille. Cette diminution de longueur totale des branches, et celle de la flexion, 
ne peuvent qu* augmenter la regularite du pendule, independamment de la plus 
grande regularite de l’expanfion des matieres memes. 

Puifque j’ai commence une digreffion fur cet objet effentiel a l’horlogerie, je 
ferai encore remarquer ici, que les experiences dont je parle lui font applicable* 
a un autre egard qui me paroit de quelque importance. Les matieres qui por¬ 
tent le merae nom, ne font pas affez homogenes, pour que dans leurs pro- 
prietes delicates nous puiffions conclurc, de ce que nous avons trouve dans une, 
qu*il en fera exa£ement de meme de toutes celles qui ont la meme denomination; 
et quVmfi par exemple, Fallongement d’une certaine branche de leton par la 
chaleur, nous indique Fallongement de tout leton par cette caufc. Je crois 
Vox.. LX VIII. H h h done 
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therefore is, that it would be of fome advantage, if, 

upon every pendulum intended for very delicate obfer- 

vations, there were made the experiment of the compara- 

0 

tive lengthening of the fubftances which compofe it? 
marking the center of ofcillation upon the lens by the 
known methods, and pointing a Microfcope upon this 
center whilft the heat is made to vary. 

By ufing for thefe pendulums glafs and bell-metal, 
the firft of which is not at all affected by %vater, and the 
other very little (which little might even be prevented 
by varnilhing it) it would be eafy to obferve the effects of 
the heat upon them in water, by means of a tin veflel, 
having a glafs facing the center of ofcillation. By pouring 
water of different temperatures into this veffel, whilft 
the Microfcope remains pointed to that center, one would 
difcover, in the fureft and fhorteft manner, that combi¬ 
nation 


doncqu’on obtiendroit plus d’exa&itude fi Ton faifoit immediatement fur chaque 
pendule define a des obfervations delicates* J’experience de l’allongement com- 
paratif dcs matieres qui le compofentj en marquant fur la lentille, par les 
methodes connues, le centre d’ofcillation, et pointant un Microfcope fur ce 
centre, tandis qu’bn feroit varier la chaleur. 

En employant a ces pendules le verre et le metal de cloche, dont le premier 
n’eft point affe&e par l’eau, et l’autre l’eft tres peu, et pourroit meme etre ver- 
nifle, il feroit aife encore d’y obferver les effets de la chaleur dans I’eau, au 
moyen d’une caiffe de fer blanc, qui auroit une glace vis a vis du centre d’ofcilla¬ 
tion. En y verfant de l’eau a diverfes temperatures tandis que le Microfcope 
feroit pointe fur ce centre, on trouveroit de lamaniere la plus fure et la plus 
T courte 
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nation of the two fubftances, which would preferve the 
fame length to the pendulum between two determined 
temperatures. 

To make this ftill eafier, it would be poffible to con- 
ftrudt the grid-iron in fuch a manner as that its correc¬ 
tive rods being fixed by fcrews, the proportions of their 
lengths might be changed, till the bell-metal perfectly 
compenfate for the lengthening of the glafs between the 
two fixed temperatures, of which I lhall fpeak hereafter. 
For there would be nothing to corredt by this method, 
but the difference of expanfibilities of the fubftances 
employed, comparatively with the mean expanfibility of 
fubftances of the fame denomination, which would have 
been firft difcovered by experiments made for that pur- 
pofe. I fhall refume hereafter this correction of the pen¬ 
dulum, 


courte, la combinaifon des deux matieres qui conferveroit fenfiblement au pen- 
*lule, une mcme longueur dans des variations determinees de temperature. 

Pour rendrece moyen plus commode, onpourroit aiiement conftruire la grille 
de maniere, que fes branches correctives etant retenues dans leurs traverfes par 
des vis, on put changer les rapports de leurs longueurs, jufqu’a ce que le metal 
de cloche compenfat parfaitement I’allongement du verre entre les deux tempera¬ 
tures fixees, dont je parlerai ci-apres. Car on n’auroit a corriger par cette 
methode, que les differences d’expaniibilite des matieres employees, comparative- 
mcnt a l’expanfibilite moyenne des matieres de meme nom, qu’on auroit trouvee 
prlmierejnent par des experiences faites a ce deffein. Je re viendrai dans la fuite 

H h h 2 * cettc 
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dulum, ia order to confider it in a point of view ftiil 

more important. 

I now return to the comparative dilatations of glafs 
and brafs; I mean to the experiments which I made 
in order to determine at what heighth of the lamella of 
brafs the point was, which fhould remain unmoved by 
the variations of heat. 

Thefe experiments, notwithftanding all my pains, 
turned our furprizingly irregular; and it was neceffary 
to make a great number of them, to arrive at any degree 
of probability. In the firft place, the duration of the 
operations made the brafs take, what I have named, the 
habit of its ftate, which prevented it from returning 
exadfcly to that in which it was at the fame degree of 

heat: 


a cctte corre£lion du pendule, pour la confiderer fous une face plus importante 
encore. 

Je reviens aux dilatations* comparatives du verre et du leton; e’eft a dire i 
ces experiences par lefquelles je cherchois a determiner a quelle hauteur fur la 
lame de leton fe trouveroit le point qui refleroit immobile, par les variations de 
la chaleur. 

Malgre tous les ibins que je pris, ces experiences fe trouverent d’une irregu- 
laritefurprenante; et il fallut en falre un bien grand nombre pour arriver a des 
refultats un peu probables. D’abord, la longueur des operations faifoit toujours 
prendre au leton ce que j’ai appelle rhabitude de fon etat; ce qui l’empechoit 
de reYenir exa&emem a celui ouilf^oit auparavant par ]e meme degre de cha¬ 
leur* 
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lieat^: the quicker, however, the returns, the more re¬ 
gular they were; it will be therefore only from fuch as 
were quick that I fhall hereafter deduce my conclufions. 

Another difficulty I met with in my experiments arofe 
from the difference of the effedt of the different changes 
of the temperature. When I fuddenly changed the tem¬ 
perature of the water from io° to 70° of the Thermo¬ 
meter to which I have given the name of common in my 
work upon the Modifications of the Atmofphere (which 
anfwer to 54°i and 189} of Fahrenheit) a fomewhat 
lefs length of brafs was wanted to compenfate the dilata¬ 
tion of the glafs,- than when I increafed the heat lefs; as, 

(d) Since the writing of this I have been told, that the fame phenomenon is 
obferved in the co reding Thermometer of watches; and that it produces irregu¬ 
larities which are in an increafing progrefiion* 

for 


lejur (d). Quand ces retour? etoient prompts ils etoient plus reguliers. Ce ne 
fera done que de celles de mes obfervations qui furent promptes, que je tirerai 
cL-aprts les refultats probables. 

Un autre embarrasquej’eprouvai dahs ces experiences, provint de la difference 
d^effet des changemens differens de temperature* Quand je portois tout a coup 
la temperature de mon eau de io° a 70° du Thermometre que j’ai appelle com - 
mun dans mon ouvra^e fur les Modifications de l’Atmofphere, et qui correfpondent 
a 54°| et 189°! de Fahrenheit, il me failloit une longueur un peu moindre de 
leton pour compenfer la dilatation du verre, que lorfque j’augmentois moins la 

(&) J’ai appris depuis.que j’ai ccrit ceci, qu’on remarque ce. phenomine dans lea Thermometres cor- 
teftenrs dea metres, ct qn’H y caufc dea ijrregulaiues c wflantca. 

chaleur* 
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for inftance, from io° to 40% to which, however, I li¬ 
mited myfelf for a reafon I will foon mention. 

The more J approached the heat of boiling water in 
warming the water in my experiment, the nearer I came 
to the proportion found by Mr. smeaton between the 
lengthenings of thefe two bodies by heat; which he has 
fixed between glafs and brafs wires (which anfwers to 
my milled brafs) as 100 to 232. I had a point upon 
my lamella of brafs which anfwered to this proportion; 
that is, the lengths of the brafs and glafs were at that 
point in an inverfe ratio of thefe numbers; and this point 
did not change fenfibly when, inftead of water of 1 o°, I 
fubflituted water which I poured boiling into my bottle, 
and which brought the Thermometer to 74°or76°. But 
when I only encreafed the heat to 40% this length of 

brafs 


chaleur, com me par cxemple de io° a 40°, a quoi je me bornai par la raifcn quo 
j’indiquerai. 

Plus j’approcbois de la chaleur de Teaa bouillante en echaufiant mon eau, plus 
je me rapprochois du rapport qu’a trouve Mr. smeaton entre les allongemens 
,de ces deux corps par la chaleur, qu’il a fixe, entre le verre e: du leton tire a la 
filiere (qui repond anion leton lamine) comme 100 a 232. Jjavois un point 
fur ma lame de leton, qui correfpondoit a ce rapport; c’eft a dire que les lon¬ 
gueurs du leton et du verre y itoient en raifon inverse de ces nombres; et ce 
point ne changeoit pas fenfiblement de hauteur, quand je fubftituois a l*eau de 
jp°, de Teau que je verfois bouillante dans ma bouteille, et qui portoit le Ther¬ 
mometre a 74 0 ou 7^°* Mais lorique je n'augmentois la chaleur que julqu’a 40°, 

cette 
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brafs was not fufficient; the point infenfibly funk; 
I fpeak of the greateft number of experiments, for there 
were fome contrary ones. 

Thefe uncertainties recalled my attention to the par¬ 
ticular object on account of which I had undertaken 
my experiments;, I mean my new Hygrometer, on 
which, in order to compenfate the effect of heat upon 
glafs, it was neceffary to produce this compenl'ation in 
the natural variations- of the temperature of the air. I 
therefore confined myfelf within thefe limits; not indeed 
precifely within the fame temperatures, which feemed 
too difficult, though it would have been better; but be¬ 
tween temperatures nearly equally different. 

I will not give a minute account of thefe experiments; 
fee it fufficient to fay, that from the difference of tempe¬ 
rature 


cette longueur de leton ne fuffifoit pas; le point baiffoit fenfiblement. Je parle 
du plus grand nombre des experiences; car il y en eut quelquefois de.contraires. 

Voyant ces incertitudes, je tournai mon attention fur l’objet particulier pout- 
lequel j’avois entrepris ces experiences; e’eft-a-dire mon nouvelHygromctre, ou, 
pour compenfer 1’efFet de la chaleur fur le verre, je n'avois befoin de produire 
cette compenfation que dans les variations naturelles de la temperature de fair. 
Jte me renfermai done dans cet efpace; non precilement entre les memes tempe¬ 
ratures, ce qui meparut trop difficile, quoique e’etit ete. le mieux; mais entre 
des temperatures a peu pres egalement differentes. 

Je ne rendrai pas compte ici du detail de ces experiences; il fuffira de dire, 
que par la difference de temperature entre io° et 40° de mon Thermometre, le 

rapport; 
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rature between 1 o° and 40° of my Thermometer,the mean 
proportions of the dilatations of the brafs and glafs were 
as 21 to 10; confequently, I had need of a length of brafs 
which ihould be to that of the glafs in my Hygrometer 
as io to 2 r, in order to make up for the dilatability of 
its frame; whereas it needed to have been from 10 
to 23 in the tranfition from water in ice to boiling 
water, 

1 do not give this latter proportion as being equally to 
be depended upon as the other; but it is fufficient 
that there be really a difference between the two, to 
ground the general reflexions I ftiall make, after having 
previouily noticed another difference of the fame kind 
which I have found by means of this Pyrometer. 

But before I mention theft new experiments, I will 
beftow another moment upon thofe vkhich relate to the 

compa- 


rapport moyen des dilatations du Icton et du verre fut comme 21 a ioj et que 
par confequentj'aybis befoin (Tune longueur de leton qui fut a celledu verre dans 
nion Hygrometre, comme 10 a 21, pour compenfer la dilatabilite de fa mon- 
ture; au lieu qu’il l’auroit Tkllu de jo a 23 dans le palTage^e l’eau dans la glace 
a l’eau bouiljante. 

Je nedonne pas ce dernier rapport comme aufli fur que Fautre; mais il fuffit 
qu*il y ait certainement une difference entre les deux, pour fonder les reflexions 
generates aux quelles je viendrai, apres avoir explique une autre difference da 
jneme genre que j’ai trouvee au moyen de ce Pyrometre. 

Mais avant que de rapporter ces nouvelles experiences, je m’arreterai encore 
l» moment fur celles qui regardent les expanfibi 1 ites comparatives, ou les rapport 

entre 
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comparative expanlibilities, or the proportion there is 
between the expanlibilities of bodies, which £eem to me 
by this method to be reduced to an operation as Ample as 
it is conclulive. 

Firft, with refpeft to the frame of my Pyrometer, 
however rude it be, I have hitherto difeovered no de¬ 
feat in it. A point of fufpenfion of the rods which 
preferves throughout the experiment its relative peti¬ 
tion to the Microfcope, is the ealieft thing to obtain by 
means of this deal frame, which is not fenlibly affedted 
by the fmall changes in the air, and is expoled to no other 
variation : and this is a great point gained when it is con- 
lidered, that hitherto frames had a fenlible effect upon 
the indications of the Pyrometers; and that all that could 
be done, was to endeavour to obviate this influence. 

Again, 


entre les expanfibilites des corps, qui me paroiffent reduites par cette route a 
une operation aufli limple que lure. 

D’abord quant a la monture de mon Pyrometre, quelque grO'ffiere qu'elle foit, 
je n’y ai trouve julqu’a prefent aucun defaut. Un point de fufpenfion des 
branches, qui conferve pendant [’experience fapolition relative a celle du Mi¬ 
crofcope,eft la chofe la plus aifee a obtenir par cette monture de fapin; les petits 
changemens de fair ne l’afle&ant point fenliblentent, et n^etant expolee a au- 
cune autre caufe de variation. Or e’eft la un grand point d’obtenu, quand on 
confidere que jufqu’ ici les montures influoient toujours effentiellement fur les 
indications des Pyrometres, et que tout ee qu’on pouvoit fake, etoit de chercher 
a en corriger les efFets. 

Vol. LXVIII. I i i Enfuitt^ 
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Again, measurement will itfel'f always be an occafion 
of error more or lefs conliderable in phyfics, becaufe 
our Micrometers are all imperfect. It is true, indeed, 
that we are daily improving them, and with great rea- 
fon, fince we are obliged to meafure almoft every where; 
but it is not lefs true, that, not to be obliged to meafure, is 
a great additional Security. Now by this method there 
is no neceffity for meafuring: all one wants is, to find 
a point upon the rods of different fubftances thus fuf- 
pended, which neither rifes nor falls when the tempera¬ 
ture of the water is changed; and it is Sufficient for this 
purpofe, that the Microfcope do not vary during the ob¬ 
servation. 

As to the meafure of the lengths of the rods, whofe 
expanfions compenfate each other at this point, all 
poffible errors in this refpedt are hitherto of no import. 

We 


Enfuite, mefurer, fera toujours en phyfique une occafion d’erreurs plus ou 
moins grande; parceque nos Micrometres font tous imparfaits. On les per- 
fe&ionne tous les jours d’avantage; et il le faut bien, puifque nous fbrnmes 
obliges de mefurer prefque partout; mais il n’en eft pas moins vrai, qu’etre 
difpenfe de mefurer eft une grande furete de plus. Or on l’eft totalement par 
cette mcthode. Xrouver fur l ? une des branches de matieres differentes ainfi fuf- 
pendues, un point qui ne s’eleve ni ne s’abaifle en changeant la temperature de 
1 ’eau, eft tout ce dont on a befoin; et il fufEt pour cela que le Microfcope ne 
varie pas tandis qu’on obferve. 

Quant a la mefure de la longueur des branches dont les expanfions fe compen- 
fent a ce point, e’eft un objet fur lequel les erreurs poflibles ne font encore d’au- 
S 


cune 
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We are very far from being able to perceive, in the 
quantities of expansions, thofe differences which might 
arife from the imperfection of this meafure. 

One may take therefore a rod of fome fubftance, glafs 
for inftance, and put at the end of it a convenient clafp 
for holding other rods of different fubftances.: thus, by 
Separately comparing their expansions with that of the 
rod of glafs, by the pofition of the immoveable point, 
one will obtain the proportion of their expansibility 
with that of glafs, and confequently with each other. 

Nor may Solids only be Subjected to thel'e experiments, 
but fluids alfo: for by enclosing them in a cylindrical 
tube of glafs, the expansibility of which is known, they 
will be as rods, which may be thus fubmitted to the fame 

experi- 


cune confequence. Nous fortunes bien loin de pouvoir reconnoitre dans les 
quantitcs dcs expanfions, les differences qui pourroient refulter de 1’imperfeiHoh 
de cette mefure. 

On pourra done avoir vine branche d’une certaine matiere, de verre par exem¬ 
pt a l’un des bouts de laquclle on aura ajufte une pince commode, pour y fixer 
d’autres branches de diverts matieres: et comparant ainfi feparement leur expan¬ 
sion avec celle de la branche de verre, par la pofition du point immobile, on 
aura les rapports de leur expanfibilite avec celle du verre, et par confequent entre 
tiles. 

Ce ne fera pas feulement les folides qu’on pourra foumettre a ces experiences ; 
mais les fluides. Car en les renfermant dans un tuyau de verre cylindrique, dont 
l’cxpanfibilite foit connue, on en fera comme des branches, qu’on pourra ainfi 

l \ i 2, foumettre 
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experiments, by means of a fmall opaque body float¬ 
ing at the top of them, and to which the Microfcope 
may be pointed. I do not, however, inlift upon this ap¬ 
plication of the machine; lince the expanlion of li¬ 
quids may be obferved in vafes, the dimenlions of which 
are known, by joining cylindrical tubes to them, which 
render their expanlions much more fenlible. I fhall only 
obferve,.that from the knowledge of the dilatability of the 
tube, one Ihould not reduce its capacity to what it would be 
if the glafs did not dilate itfelf, as is done with refpedl to 
vafes in order to know the true change in the volume of 
liquids contained in them; but that, on the contrary, we 
Ihould here fuppofe the dilatation of glafs greater than 
it is, and as it would be if it had the fame expanlibility 
as the liquid; and then diminilh according to that pro¬ 
portion 


foumettre aux memes experiences, en faifant Hotter un petit corps opaque a leur 
furface, pour y pointer le Microfcope. Cependant je n’infifte pas fur cette ap¬ 
plication deJa machine; parceque lesexpanfions des liquides peuvent etre ob- 
fervees dans des vafes dont on connoit la capacite* en y joignant des tubes cylin- 
driques; ce qui rend leur expanfion beaucoup plus fenfible. Je remarquerai done 
feulement; qu’il ne faudroit pas, d’apres la connoilfance de la dilatabilite de la 
maticre du tuyau, reduirepar le calcul fa capacite* a ce qu’elle feroitfi le verrene 
fe dilatoit point,comme on le fait a Pegard des vafes pour connoitre le changement 
reel du volume des liquides qu’ils contiennent; maisqu’au contraire il faudroit ici 
fuppofer cette capacite plus grande, en laportant a ce qu’elle feroit, fi le verre 
ayoit la mcme expanfibilite que le liquides et diminuer dans cette proportion 

raliongement 
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portion the obferved lengthening of the latter : for in 
comparing the expanlion of a fluid with that of a folid, 
we mull take notice, that we meafure the change of 
hulk of the latter, according to one of its three dimen- 
lions only, for which realbn the fluid mull be brought 
to the fame predicament. 

Air might alfo be fubjedled to thefe experiments by 
encloling it in a glafs tube by means of a fmall column 
of quicklilver. But I cannot help being of opinion, that 
all experiments made on air enclofed, will be found in¬ 
accurate, when applied to the air in general. The 
expanlibility of air by heat varies exceedingly, according 
to its greater or lefs degree of humidity ; and I know from 
experience, how difficult it is to enclofe in a tube, air of 
a determinate drynefs: but if it is more humid than its 

mean 


l’allongement obferve de celui-ci. Car pour comparer l’expanfion d’un fluide a 
celled’un folide, il faut avoir egardace que nousne mefurons le changementde 
volume de ces dermcrs que fuivant one ieule de leurs trois dimenflons, et que 
par confequent il faut reduire le fluide au meme cas. 

Onpourroit auffi foumettre l’air a ces memes experiences, en le renfermant 
dans le tube de verre par une petite colonne de mercure. Mais je ne puis m’em- 
pfecher de croire que les experiences fur l’air renferme feront toujours inexaftes 
quand on les appliquera a fair en general. L’expanfibilite de 1’air par la cha- 
leur varie beaucoup, luivant qu’il eft plus ou inoias huanide; et je fais par expe¬ 
rience, qu’il eft bien difficile de renfermer dans un tube, de l’air d’une fechereffe 

determinee* 
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mean ftate in the atmofphere, its expanfibility by heat 

will be greater. 

It is not impoffible that this may be the reafon why 
Colonel roy and Sir george shuckburg found a greater 
expanfibility in the air enclofed in their Manometers 
than what I deduced from my obfervations in the open 
air. The bare difference there is between the air of 
London and that of the mountains of Switzerland may 
be fufficient to account for this effect. I believe, indeed, 
that the differences of humidity will be caufes of error in 
the Barometrical meafures of heights, fo long as thefe 
differences fliall not enter into the formulae; and it was 
this confideration which firft led me to think of an Hy¬ 
grometer 1 ^. 

(e) I fliall return to this object, and treat it more particularly, in a paper 
upon Reflations, of which I iliali fpeak hereafter. 

As 


cletermin^e. Or s’il ell;plus humide que fon etat moyen dans l’atmofphere, fon 
expanlibilite par la chaleur feraplus grande. 

11 n’eft pas impoffible que ce ne foit la la raifon pour laquellc M r le Col. 
roy et M r le Chev. shuckburgh ont trouve a Pair renferme dans leurs Mano- 
metres, une expanlibilite plus grande que celle que j’ai deduite de mes obferva¬ 
tions dans fair libre; la difference peut-etre de Pair de Londres et de celui qui 
environne les montagnes de la SuilTe, peut produire eet effet: je crois meme que les 
differences d’humidite feront des caufes d’ecarts dans les mefures Barometriques 
des hauteurs, tant qu’on ne pourra pas faire entrer ces differences dans les for- 
mules: c’ell le premier motif qui m’a fait chercher un Hygrometre (e). 

(t) Je reviendrai a cet objet pour le traiter plus particulieremcnt, dans un memoire fur les Refractions 
*lont jc parlerai ci-apiis. 

Quant 
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As to the differences of the conclufions drawn from 
thefe gentlemen’s experiments and mine made in the 
open air, though they be conformable to the above-men¬ 
tioned difference, they may yet arife from another caufe. 
I always obferved the temperature of the air with my 
Thermometer in open air, and in theSun when it fhone • 
whereas they obferved in the fhade. As often then as I 
found the air warmer in the Sun, than I fhould have 
found it in the fhade, which was almoft always the cafe, 
efpecially in the plain, I did not ftand in need of as great 
a correction as thofe gentlemen for each degree of the 
Thermometer; fince in the fame circumftances the degrees 
were more numerous in my obfervations than in theirs, 
and confequently, with a lefs correction for each degree, 
my whole correction was equal to theirs. I will add, that I 

did 


Quant aux differences des refultats des experiences de ces Mefiieurs et des 
iniennes dans Fair Fibre, quoique conformes a la difference precedente, elles 
pouiToient bien venir d’une autre caufe. J’obfcrvois toujours la temperature de 
Fair avec mon Thermometre a boulc ifolee,en plein air, et au foleit quand il lui- 
foit; aulieu qu’ils Fobfervoient a Foinbre. Si done je trouvois Pair plus chaucl 
au foleil, que je ne Faurois trouve a Fombre, ce qui etok prefque toujours le 
cas, furtout ala plainc, je n’avois pas befoin d’une fi grande correction que ces 
Mefiieurs pour chaque degre du Thermometre, puifqu’ils etoient plus nombreux 
dans mes obfervations que dans les leurs par les memes circonfiances; et 
qu’ainfk avec une moindre correction pour chaque degre, j’avois une corre&icn 
totale aufli grande. J’ajouterai, queje n’ai pas trouve que les rayons direCls du 

foleil 
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did not find that the diredt rays of the Sun heated irregu¬ 
larly the glafs of the ball of a Thermometer when clean, 
which may be eafily feen by looking at the experiment 
mentioned in p. 56, 57. of the fecond volume of my 
work.: confequently, when thefe diredt rays adt upon the 
air, it is a caufe of heat which fhould not be negledted. 

I am ftill therefore of opinion, that it is better to ob- 
ferve the Thermometer in the Sun than in the fhade; 
and that the correction for the heat of the air may 
ftand fuch as this method of obferving requires it. 
There are always adting caufes enough in the column 
of air weighing upon the inferior Barometer,-which can¬ 
not be known in the fuperior ftation, for us not to negledt 
any of the ordinary caufes which may be perceived. 


It 


foleil echauffaffent irregulierement le verre bien net de la boule d’un Thermo- 
metre; ce qu’on pourra voir aifement par [’experience rapportee aux p. 56 et 57 
du fecond volume de mon ouvrage: et ainti quand ces rayons direils agiffentfur 
Fair, c’eft une caufe de chaleur qui ne me femble pas devoir etre negligee. 

Je crois done toujours qu’il convient mieux d’obferver le Thermomctre au 
foleil qu’a l’ombre, et de laiflTer la corre&ion pour la chaleur de l’air propor¬ 
tion nee a cette methode. II refte toujours affez de caufes agiffantes dans la co*. 
lonne d’airquipefe immediatement fur le Barometre infdrieur, qu’on ne peutpas 
connoitre a la flation fuperieure, pour qu’on ne doive negliger aucune des caufes 
communes qui font faifif fables. 

s 


II 
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It is therefore probable, that had I obferved in the fame 
places as thefe gentlemen, with my Barometer, expofing 
at the fame time my Thermometer to the Sun, I fhould 
have found the real height as well as they, without 
changing my rule; which already appears, I think, from 
my having derived it from experiments made in the 
fame place where Sir george shuckburgh has made his- 
principal obfervations. 

I will only add, that ifj in the different opportunities ! 
have had of trying my rule fince it is fixed, it had 
conftantly given me the heights too fmall, as thofe 
gentlemen have found it, even confidering what is above 
ftated, I fhould have fufpe£ted with Colonel roy, that 
I ought not to have taken out from the obfervations 
from which I have concluded my rule, thofe which I 

made 


II eft done aflez probable, que ft j’avois obferve dans les memes lieux que ces 
Meffieurs avec mon Barometre, et en expofant mon Thermometre au foleil, 
j’aurois trouve comme eux les hauteurs reelles* fans changer ma regie : et e’eft 
ce .qui paroit deja, ce me femble, de ce que je l T ai conclue d’experienccs faites 
-dans le meme lieu ou M r le Chev. shuckburgh a fait fes principales obler- 
vations. 

J-ajbuterai feulement, que ft dans les diverfes occaftons que j’ai eues d’eprouver 
cette regie depuis qu’elle eft fixee, elle m’avoit donne conftamment les hauteurs 
un peu trop petites, comme il refulteroit des experiences de ces Meffieurs, meme 
en ayant egard aux confiderations ci-deffus, j’aurois foup$onne alors avec M r 
le CoU ROY, queje n’aurois pasdu retrancher du nombre des obfervations dont 
jVi tire ma regie, celies que j’avois faites au lever du foleil, qui toutes donnent 
Voi. LXVIII, Kkk In 
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made at Sun-rife; all which, according to this rule, give 
the heights too fmall. For it would then appear,.that it 
is o wing to accident alone that the exceptions of this kind 
happen to be at that precife time of day; that they are 
deviations which are ftill to be expected,till more circum- 
ftances have been taken notice of in the obfervations, and 
new equations are introduced in the formula; and that 
having admitted the exceptions on the contrary fide, I 
ought to have left thole in the bulk of my obfervations, 
before I deduced the mean laws from them, which would 
have brought me nigher to the conclufions drawn from Sir 
gjeorge shucicburgh’s and Colonel roy’s obfervations. 

The late Mr. de la condamine, one of thofe rare 
men who take an interefi: in the labours of their friends, 
was already of this opinion; and I fhould have made ufe 
of it, had not my tables been already calculated. How¬ 
ever, 


les hauteurs trop petites fuivant cette regie. Car il paroitroit en ce cas, que ce 
n’eft qu’ accidentellement que les exceptions dans ce fens la fe rencontrent a ce 
moment du jour; que ce font des ecarts auxquels on doit encore s’attendre, 
julqu’a ce qu’on ait embrafie plus de circonftances dans les obfervations, et de 
nouvelles equations dans laformulej et qu’ayant admis les exceptions contraires, 
je devois laiffer celles la dans l’enfemble de mes obfervations, avant d'en deduire 
les loix moyennes: ce qui m’auroit rapproche d’avantage des refultats des obfer¬ 
vations de M r Ie Col. roy et de M r le Chev. shuckburgh. 

Feu M r de l a cond amine, l’un de ces hommes rares qui favent s’interefler 
aux travaux de leurs amis, m’avoit deja fait faire cette reflexion; et j’y aurois 

en 
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ever, I did hot find afterwards any neceffity for it by my 
own obfervations. 

Here then is a new fubjedt of inveftigation, and con- 
fequently thofe gentlemen’s obfervations are exceedingly 
interefting, fince they will engage natural philofophers 
not to give up this objedt till it is entirely cleared up. 

I return to my idea of enclofing bodies in tubes of 
glafs, only to obferve that it will be abfolutely neceflary 
to make ufe of this method, in the experiments upon the 
expanfion of bodies affedted by humidity, as well as by 
heat, for thofe cannot be expofed naked to the heat of 
the water. Woods, therefore, may be compared either 
with one another, or with metals, by enclofing them in 
glafs tubes. Some difficulties I met with from the 
vapours which form themfelves in heated tubes; one of 

the 


eu egard fi files tables n’avoient e.te toutes calculees. Cependant dts lors je n’cn 
a l pas apper^u le befoin par mes propres obfervations. 

Voila done un nouvel objet d’examen; et par confequent les obfervations de 
ces Meffieurs font tres intereffantes; puis qu’elles engageront les pbyficiens a ne 
pas abandonner cet objet, jufqu’a ce qu’il foit eclairci. 

Je reviens a l’idee de renfermer les corps dans des tubes de verre, pour ajouter 
feulement, qu’il fera indifpenfable d’employer ce moyen, lors qu’on voudra fou- 
mettre aces experiences des corps que Vhumidite afFe£te aufli bien que la chaleur: 
car ceux la ne peuvent pas etre expofes nuds a la chaleur de l’eau. Gnpourra 
done par exemple comparer les bois entr’eux ou avec les metaux, en les renfer- 
mant dans des tubes de verre. Quelques difficultes que j’ai eprouvees, a caufe 
des vapeurs qui fe forment dans les tubes echauffes, et qui lont une de mes raifons 

K k k 2 dc 
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the reafons why I fufpeft the experiments made upon 
air in Manometers, has obliged me to fufpend the expe¬ 
riments I had undertaken upon the expanfion of woods. 

This method of finding the relative expanfibilities of 
bodies may eafily be turned into a method of finding 
their ablblute expanfibilities: for if one knows with cer¬ 
tainty the expansibility of the rod of glafs to which all 
the other bodies are compared; by means of that, one 
will come to the knowledge of the abfolute expanfibility 
of all thefe bodies. 

The point then would be to-give all poffible attention, 
and ufe all the refources of art, to the determining the 
expanfibility of this rod of glafs; and this one may hope 
to arrive at by this fame machine, as I lhall fhew by 
the following account of my firft trial* 

Way 


de fufpetter les experiences faites fur Pair dans lesManometres, m*ont oblige de 
fufpend re celles quej’avois entreprifes fur l’expanfion des boisv 

Cette methode detrouver les expanfibilites relatives des corps, peut encore 
etre changee aifement en unc methode de trouver leurs expanfibilites abfolues. 
Car fi l’on connoit par exemple celle de la branche de verre a laquelleon com- 
pareratous les autres corps, on connoit-ra par elle l’expanfibilite abfolue de tous 
ces corps. 

II ne s’agiroit done que de concentrer fon attention, et toutes les reffources de 
1 art, fur la determination de l’expanfibilite de cette branche de verrej a quoi 
1 on peut elperer de Teuffir avec cette meme machine, comme je vais le montrer 
d’apres un premier efiai. 


EJfai 
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Pffay upon the meafure of the abfolute expanfion of bodies 

by heat. 

Though I did not at firft intend to make ufe of my in- 
ftrument in the meafure of abfolute expanfions, I could 
not help making fome experiments on this fubjedt. 

Belides the immoveable wire placed in the focus of 
the Microfcope, I had defired Mr. ramsden to put in 
another, moveable by a ferew: I then began, firft, by 
feeking the value of the parts of the Micrometer, in 
doing which the little fcale I had traced on the lamella 
of brafs was again of fervice to me. I had made it as 
exadt as I poflibly could; each of its divifions was the 
400th part of a French foot. The divided part of it was 

three 


EJJai fur la mtfure des expanfions aifolues des corps par la chaleur. 

Quoique je n’euffe pas intention d’abord ^’employer ma machine a mefurer des 
ex panfions abfolues, jene laiffai pas de tenter quelqnes experiences fur cetobjet. 

Outre ie fil immobile place au foyer da Microfcope, j’avois demande a M r 
ramsden -d’en mettre un q«i fut mobile, et conduit par une vis. Je cherchai 
done d’abord la valeur des parties du Micrometre; a quoi me fervit encore la 
petite echelle tracee fur ma lame de leton. Je l’avois faite auffi exaftement qu’il 
m’avoit ete poffible, ct fes parties etoient des 40O“>' ! du pied de France. Elle 

avtHt 
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three French inches in length* confequently con filled of 

ioo of thefe parts, that were, or were fuppofed to be, 

equal. 

Pointing then my Microfcope at firft upon one of the 
extremities of the fcale, the two wires coinciding, I 
brought the moveable wire to the next point, counting 
the turns of the fcrew: then conducting the immoveable 
wire from one part to another of the fcale, and bringing 
at every change the moveable wire to the point imme¬ 
diately following, I noted all thefe lengths of the parts 
meafured by the Micrometer, the fmall differences of 
which marked the imperfections of the fcale. The mean 
of thefe ioomeafures gave me 21,333 turns of the 
fcrew, for a part of my fcale, that is, for ~th of a 
French foot. This, according to the proportion of 16 to 
15 between this foot and the Englifh, a proportion exaCt 

enough 


avoit 3 pouces de France dans la portion divifee, et par conlequent 100 de ces 
parties egales, ou cenfees l’etre. 

Pointant done d’abord mon Microfcope fur 1 ’une des extremites de 1 ’echelle, 
tandis que les deux fils coincidoient, j’amenai le fil mobile fur le point fuivant, 
en comptant les tours de la vis; puis conduifant le fil immobile de partie en partie 
de rechelle, et amenant a chaque fois le fil mobile au point immediatement fui- 
vant, je notai toutes ces grandeurs des parties, mefurees par le Micrometre, dont 
les petites differences marquoient les imperfe&ions de rechelle, Le milieu entre 
ces 100 mefures me donna 21,333 tours de la vis, pour une partie de mon echelle, 
e’eft a dire pour *5* du pied de France, Ce qui, dans le rapport de 16 a 15 de ce 

pied 
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enough for this meafure (and perhaps very exa< 5 b) makes 
twenty turns for ~oth of the Englifh foot, or one turn 
for ^Voth of a foot. One could eafily diftinguifh the ef¬ 
fect of -j^th of a turn; confequently, the inftrument was 
fenfible at ~ooth of a foot, or about — s th of an inch. 

Knowing thus the value of the parts of my Micrometer, 
I undertook to meafure the abfolute lengthening of my 
rod of glafs, which was of 1,8 Englifh inches; and from 
a mean of four experiments, the refult of which differed 
very little, l found that my rod of glafs had lengthened 
7,5 turns of the ferew of my Micrometer from the heat 
of 10° of my Thermometer to that of 7 0% 

I fhall not make any fenfible error if I augment this 
number of turns in the proportion of 60 to 80, in order 
to obtain the total expanfion which would be made by 

the 


pied a celui d’Angleterre, afiez exa& pour un objet de cette nature (et peut-etre 
tfes exact) fait 20 tour pour 4^ du pied Anglois, on 1 tour pour de pied. 
On pouvoit diftinguer aifement Teffet d^ de tour, et par confequent I’inftru- 
ment etoit fenfible a de pied, ou environ 77^ de pouce, 

Connoiffant la valeur des parties de mon Micrometre, j’entrepris de melurer 
Fallorigement abfolu de ma branche de verre, qui avoit 18 pouces anglois: et 
par un milieu entre quatre experiences, dont les refultats differerent tres peu, je 
trouvai que, de la chaleur de io° fur mon Thermometre a celle de 70°, ma 
branche de verre s’etoit allongee de 7,5 tours de la vis du Micrometre. 

Je ne ferai pas une erreur fenfible en augmentant ce nombre de tours dans le 
rapport de 60 a-80, pour avoir l’expanfion totale qui fe feroit faite par le paflage 
de l*eau dans la glace a Fean bouillante, foit de o a 8 o°, malgre la confideration 

de 
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the paflage of water in ice to boiling water, that is, from 
o to 8o° upon my Thermometer, notwithftanding the 
confideration of the different progrefs of quickfilver and 
glafs in their expanfions by heat, which I fhall fpeak of 
hereafter; becaufe the two terms of the obfervation, 
io° and 70% are equi-diftant from the two fixed points 
of the Thermometer. I fhall have then a third part to 
add to the number of turns for the expanfion of 18 
inches of glafs palling from the heat Of water in ice to 
that of boiling water, which will make 1 o turns, or 6f 
for the expanfion of one foot. 

One turn of the fcrew being equal to --3th of a foot, 

6j make g~ - -r^th °f a foot = T^th of an inch in one 
foot. Now this is precifely what had been found by 
Mr. smeaton. However, this lingular conformity may 

be 


de la difference des marches du mercure et du verre dans leurs expanfions par Ja 
chaleur, dont je parlerai ci-apres: parce que les deux termes de Tobfervation* 
qui font iO° et 70°, fe trouvent a egale difiance de ces deux points fixes duTher* 
inometre. J’aurai done un tiers a ajouter au norabre des tours, pour Fexpan- 
fion de i8 pouces de verre, paffans de la chaleur de I’eau dans la glace a celle de 
reaubouillantej ce qui fera 10 tours, ou 6§ pourl’expanfion d’i pied* 






r j 

Un tour du Micrometre etant egai a de pied, 6f font—L. 

3 8qoo 

pied = de pouce dans 1 pied* Et voila precifement ce que M r smeaton 
avoit trouve par fes experiences* Cependant cette conformite finguliere pourroit 
3 biea 
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be only accidental; for I do not believe that all glafles 
have an equal dilatability by heat. Their dilatability 
often appears different when they are foidered; for it is 
no doubt owing to that, that the parts which are united 
when they are melted, often feparate when they grow 
cold, which does not happen when the glafs is exactly 
the fame. It is poffible, therefore, that this apparently 
exact conformity was occafioned by fome compenfation, 
rather than by real exa<Stnefs. 

I faid before, that the irregularities I obferved, when 
the glafs and the brafs were combined, were not to 
be attributed to the glafs, and here is a proof of it. 
When I had adjufted the immoveable wire of my Mi- 
crofcope to a tharp point which terminated my rod of 
glafs, the water being at the temperature of io° of my 

Thermo- 


bien n’etre qu’accidentelle; car je ne crois pas que les difFe'rens verres ayent tous 
une egale dilatabllke par h clialeur s D» *e voitque trojv foirvent quarid cm lei 
foucle, queleura dilatabilites peuvent etredifferentes; cat* e’eft fans- doute par la, 
que les parties reuuies quand efles font fondues, fe feparent quelquefois en fe 
refroidiffant; ce qui n’arrive pas quand e’eft exa&ement le meme verm 11 fc 
pourroit done quecette exafteccmformiie apparente vint de qnelque coinpenfa- 
tion plutot que d’une exa£litude reelle. 

J’ai dit ci-deffus que les irregular!tes que je remarquois lorfque le verre et le 
l^ton .btoient combines, ne devoient pas etre attributes au verity eterivoibi 
la preuve. Lorfque j’avois ajufte le fil immobile de mon Microfcope fur une 
pointe aigue qui terminoit ma branche de verre, tandis que Teau etoit a la tem- 
Vo l. LXVIII. L 4 1 peratwe 




474 -Mh de luc o/r 

Thermometer, and that, after having heated it to 7 a 0 , T 
brought it back gradually to 10^, the point either re¬ 
turned exactly to the wire, or fo near to it that I could draw 

. ♦ 

no conclufion,from the fmall difference,again ft the regu¬ 
larity of the return of the glafs to its fame length in the 
fame temperature. In one of the four experiments it 
returned exactly; in a feeond, I wanted light indeed to 
obferve this laft point, but I could judge from the pre¬ 
ceding fteps that it would be exa<ft; in the others, the 
differences would have teemed to indicate, that the 
glafs had retained fome part of its lengthening; but the 
quantity was fo fmall, that even when it was real, it 
might be confidered as null in pra<£tice. 

Glafs confequently is the fitted: fubftance to be made 
ufe of as the ftandard of comparifon in experiments 
upon the comparative dilatabilities of bodies; fince what¬ 
ever 


perature de io° de mon Thermometre, et qu’apres i’avoir echaulfee a 70° je la 
ramenois peu a peu a io°, la pointe revenoit exa&ement au fil, ou ft pres, que 
je n’ai pu en tirer aucune confequence contre la regularity du retour du verre a 
fa meme longueur dans la meme temperature. Dansune des quatre experiences 
il y revint exa£tement; dans un autre le jour me manqua pour obferver ce dernier 
point, mais je pus juger par les pas precedens, qu’il feroit jufte; et dans les deux 
autres les differences auroient indique que le verre auffi avoit conferve un 
peu de fon ailongement: mais la quantite etoit li petite, que lors meme qu’elle 
ieroit reelle, on pourroit la regarder comme nulle dans la pratique. 

Le verre eft done la matiere la plus propre a lervir de terme de comparailon 
dans les experiences fur les dilatabilites comparatives des corps ; puifque lesirregu^ 

laritea 
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ever irregularities there might be in the ebfervations, 
they would certainly arife only from the bodies that may 
be compared to it, and might for that realon be more 
ealily afeertained and determined. It has even another 
ufeful property for fuch a purpofe, and that is, its being 
one of the leaft dilatable of all bodies, from, which it 
would almoft always happen that it fhould be the rod of 
glafs which would be fixed, the other being fhorter; 
which would prevent making any changes in the appa¬ 
ratus. 

Glafs, as I have faid before, would likewife be an ufeful 
fubftance for the pendulum; fince one might depend 
upon the conftancy of the progrefs of its variations by 
heat. It is true, indeed, that its fragility would be an ob¬ 
jection to uling it in common clocks; but the aftronomer, 

accuftomed 


larites qu’on appercevroit dans les obfervations, ne viendroient fu remen t que des 
corps qui lui feroient compares, et pourroient etre par la plus aifement con- 
ftatees et determinees. II a m£me encore pour cet ufage une autre propriete 
utile; c’efl d’etre un des moins dilatables des corps: par la il arriveroit prefque 
toujours que ce feroit la branche de verre qui feroit fixee, Pautre etant plus 
courte; ce qui epargfteroit des changemens dans l’appareil. 

. Le verre feroit encore, comme je Pai deja dit, une matiere precieufe pour ie 
pendule; puis qu’on pourroit compter fur la conftance de fa marche dans les va¬ 
riations de la chaleur. Sa fragilite feroit fans doute une obje&ion pour les pen- 

JL 1 1 2 duks 
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accuftoraed to refpefb hfe clock as well as all his other in- 

ftruments, would not be prevented by this confideration. 

This regularity of the returns of glafs to the fame 
length by the fame temperature in my four experiments, 
is likewife a proof of the exadtnefs of the inftrument; 
and if the value of the parts of the Micrometer was well 
afcertained, one might be fure of the abfolute ex-panfion 
of the glafs I made ufe of. 

I dare not yet be politive that this is fo, becaufe the part 
of the fcrew which meafured thefe expanfions is not the 
fame as that which meafured the parts of my fcale. But 
for an experiment which it fllould be neceflary to make 
only once, it would be eafy to meafure the expanfions of 
the glafs by many parts of the ferew, in the intervals of 
thofo turns which had ferved to meafure the parts of the 

fcale, 


dules ordinaires; mais PAftronome, accoutume a refpe&er fa pendule comme 
tous fes autres inftrumens, ne fera pas arretepar cfette confideration, 

Cette regularite des retours du verre a lameme longueur par la meme tempe¬ 
rature dans mes quatre. experiences, eft auffi une preUve de Pexa&itude de Tin- 
ftrument. Et fi la valeur des parties da Micrometre etoit bien dlterminee, oa 
pourroit etrefur de l’expanfian abfolueduverre quej’emplbyau 
Je ne puis pas l’affurer encore, paree que la partie de la vis qui mefura ces 
expanfions, n’eft pas la meme que celle qui mefuroit les parties de mon eehelle. 
Mais il feroit aife, pour une experience qu’on ne feroit oblige.de faire qu’une 
fois, de mefurer les expanfions du verre par plufieurs parties de la vis, dans Pin* 
tervalle de fes tours qui auroit fervi a mefurer les parties de Pechelle, pour 
7 prendre 
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fcale, in order, if the refnlts ihould happen to be dif¬ 
ferent, to take a mean of them. In a word, for this one 
meafure one might ufe all the precautions that are not 
grudged in a fundamental experiment, though one is apt 
to neglect them in common ufe. 

The expanfion of a certain rod of glafs might there- 
fore be thus determined; and by fixing to it afterwards 
any other fubftance, in the manner which I have ex¬ 
plained, one would have, by means of the immoveable 
wire alone, their abfolute expanfibility, free from any 
fenfible error occafioned from the inftfument. 

Notwithftanding that the expanfions of the glafs were 
regular in my experiments, they did not obferve the fame 
progrefs as my Thermometer in their degrees. Thofe 
of the glafs Were always increafing, or its condenfations 

decreafing. 


prendre enfuite le milieu entre les reiultats, s’ils etoient differens. Eh un mot on 
pourroit prendre dans cette mefure unique, toutes les precautions qu ? on ne re* 
grette p^s dans une experience fondamentale, mais qu’on neglige fi aifement dans 
l’ufage ordinaire. 

On determineroit done ainfi Pexpjanfion d’une certaine branche de verre, 
d’apres laquelle, en attachant enfuite a cette branche toute autre matiere comme 
je Tai explique, on auroit, par le fil immobile feul, leur expanfibilite abfolue 
exempte de toute erreur fenfible provenant de rinflrument. 

Quoique les expanfions du verre fe trouvafient regulieres dans mes expe¬ 
riences, elles ne fuivirent pas la marche du Thermometre dans leurs deg res: 
celles du verre furent toujours croiffantes, ou fes condenfations dectoiflantes, 

comp^- 
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decreafing, comparatively, with thdfe of the quickfilver 

in the Thermometer. 

Having obferved this progrefs of the glafs very clearly 
in my three firft experiments,' I directed the laft to the 
purpofe of afcertaining it, and for this reafon I made it 
with the greateft care. I firft of all adjufted the Micro- 
fcope to the point at the extremity of the glafs, the two 
wires coinciding, and the water being at io°: I after¬ 
wards changed this firft water into warm water of 70°, 
and was obliged to move the moveable wire 7,6 turns 
of the fcrew to reach the point. 1 then cooled the 
water progreflively by 1 o° at a time, and thefe are the 
proportions of the condenfations of the glafs as they 
were marked by the moveable wire regreffively, 31, 29, 
26, 24, 22, 19. Thefe are twentieth parts of the turns 
of the fcrew, the fum of them makes 7,6 turns, by 

which 


comparativement a celles du mercure dans le Thermometre. 

Ayant remarque cette marche du verre d’une maniere tres fenfiblc dans mes 
trois premieres experiences, je dirigeai la quatrieme vers le but de la determiner, 
et je l’executai pour cela avec le plus grand foi'n. J’ajuftai d’abord le Microfcope 
fur la pointe qui etoit a Textremite du verre, ies deux fils coincidant, et Peau 
etant a io° : je changeaienfuite cette premiere eau en de l’eau chaude ^ 70° : et 
il me fallut mouvoirle fil mobile de 7,6 tours de ia vis, pour attend re la pointe* 
Puis je refroidis l’eau de io° en io°, et voici les rapports des condenfations du 
verre, tels que le fil mobile les indiqua en retrogradant: 31, 29, 26, 24, 22, 19. 
Ce font dcs 20 mc de tours de la vis; leur fomme fait les 7,6 tours*dont la vis 

s*etoit 
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which the fcrew had got forward; and it is this one, of 
my four experiments, in which I faid that the return of 
the glafs to the point from whence it had fet out was 
perfectly exadt. Thefe numbers are fenfibly in arithme¬ 
tical progreffion; but I do not pretend to infer from 
thence, that this is the true lawobferved by the condenfa¬ 
tions of glafs, compared with the condenfations of quick- 
filver equal between themfelves; to affirm that, one 
Ihould have examined the Micrometer better. It is 
evident, however, that they are confiderably decreafing. 

I muft mention here, why I chofe to obferve the con¬ 
denfations of glafs in water fucceffively lefs heated, ra¬ 
ther than its dilatations in water fucceffively more 
heated. It is becaufe by this means I brought the water 
with much more certainty to an uniform temperature. 

If 


s’etoit avancee,; et c’eft celle de mes quatre experiences ou j’ai dit, que le retour du 
verre a fon point de depart fat parfaitement exadh Ces nombres font fenfible- 
ment en progreffion arithmetique; mais je ne pretends pas en conclure que ce 
foit la la vraie loi que fuivent les condenfations du verre, comparativement a des 
condenfations du mercure egales entr’elles; il faudroit pour cela avoir mieux 
examine le Micrometre: cependant on voit au moins avec certitude qu’elles font 
confiderablement decroiffiintes. 

Je dois faire mention ici de la raifon pour laquelle j’ai prefere d’obferver des 
condenfations du verre dans l’eau fucceffivement moins cliaude, plutot que fes 
dilatations dans l’eau fucceffivement plus chaude. Cell que par cette voye 
j’amenois beaucoup plus furement mon eau a uric temperature uniforme. 

Si 
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If you pour warm water upon water that is lefs warm, 
whether it be that the firft, being lighter, remains at 
the top, or that heat defcends difficultly in water, or 
from both caufes united, certain it is, that there may be 
furprizing differences between the top and the bottom. 
My Thermometer, as I faid before, was hung in fuch a 
manner that the ball of it was near the middle of the rod 
of glafs. When I poured warm water flowly upon water 
that was lefs warm, it fometimes happened that the 
Thermometer did not vary till I had mixed them. I tried 
to convey warm water to the bottom through a pipe; but 
it immediately rofe: and if the Thermometer did not 
happen to be upon its afcending ftream, it Hill rofe very 
little, and it was always requifite to ftir the water before the 
Thermometer was fixed. On the contrary, when I poured 

water 


Si Ton verfede Peau chaude fur de l’eau moins chaude; foit que la premier* 
etant plus legere rcfte a la furface; foit que la chaleur defcende difficilement dans 
1 ’eau; foit par l’une et l’autre de ces caufes^ il peut y avoir dcs differences de 
chaleur furprenantes entre le haut etle bas. Mon Thermometre, comme je l’ai 
dit, etoit fufpendu de maniere que fa boule .etoit au milieu de la hauteur de la 
branche de verre. Quand je verfois lentement de l’eau chaude fur de l’eau moins 
chaude, il arrivoit quelquefois que le Thermometre ne varioit pas jufqu’a ce 
que je les eufle melees. Je voulus effayer de porter 1 ’eau chaude dans le fond par 
un tuyau; rnais elle s’clevoit auflitot: et ft le Thermometre ne fe trouvoit pas 
fur fon paflage, il montoit peu encore; et toiijours il falloit beaucoup agiter 1’ean 
avant qu’il fut immobile. Au contraire lorfque je verfois l’eau moins chaude 

fur 
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water lefs warm upon warmer water, it was fcarce necef- 
fary to ftir the mixtures before I had done it, the Ther¬ 
mometer had almoft quite fallen to the point of the 
mean temperature. This therefore is much the fafeft 
method for all operations of this kind. I had already 
experienced it in the comparifon of Thermometers made 
of different liquors, which I have mentioned in my work 
above quoted. 

By operating in this manner I was fure to have given 
the rod of glafs the degree of heat indicated by my 
Thermometer; and I repeat it, without affuring that 
the numbers above written give ns the true law of the 
-condenfations of glafs comparatively with degrees that 
are equal among themfelves upon the Thermometer, 
their difference is too great, and too regular not to point 
out a progrefiion fenfibly decrealing. Here 


fur l’eau plus chaude, je n’avois prefque pas befoin d’agiter le melange; avant 
<pe je l’euffe fait, le Thermometre avoit baifle prefque entierement au point de 
la temperature moyenne* 

Cell done la methode la plus fure de beaucoup pour toutes les operations de 
ce genre. Je Pavois deja eprouve dans la comparaifon des Thermometres de 
diiferentes liqueurs dont j’ai parle dans mon ouvrage cite ci-devant. 

En operant done de cette maniere j’etois fur d’avoir communique a ma 
branche de verre la chaleur qu’indiquoit mon Thermometre. Et je le repete, 
fans affurerque les nombres rapportesci-deifus nous donnent la vraie loi des con¬ 
denfations du verre, comparativement a des degres egaux entr’enx fur le Tlier- 
moraetre, leur difference eft trop grande et trop reguliere, pour ne pas tadiquer 
une progreflion fenliblement decroiffante. 
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Here then is a fecond in fiance in thefe experiments 
alone, of the difference there may be between the laws 
that follow in their progrefs different effects of the fame 
caufes; an object very important in natural philofophy, 
and to the elucidating of which I dedicate the fecond 
part of this paper.. 

PART 


Ainfi voila le fecond exemple, dans ces experiences feules, de la difference 
qu’il peut y avoirentreles loixque fuivent lcs differens effets des memes caufes;. 
objet important en pkyfique, et auquel je deftine la fecond partie de ce Memoire- 
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PART THE SECOND, 

Observations upon phyfical meafures. 

MOST of our phyfical inftruments are meafures of 
effects. The progrefs made in natural philofophy, en- 
creafes every day the number of thefe meafures ; or ra¬ 
ther it is by the encreafe of them that natural philofophy 
has been fo much improved within a century, and that 
it ftill continues daily to improve- In proportion as its 
different branches encreafe or extend themfelves, we fee- 
the catalogue of our meters encreafe. Inftead of continu¬ 
ing to be fatisfied with perceiving, with conjedturing, 
with forming fyftems upon what is improperly called the 
poffible, and is in fad! the land of vifions, we endeavour 

to 


SECOND* PAR TIE. 

Remarques fur les Mefures phyjiqueu 

LA plupart de nos machines de phyfique, ne font que des mefnres d’effets. 
Le perfe&ionnement de la Phyfique angmente tous les jours le nombre de ces 
mefures; ou plutdt, c’eft par leur augmentation que la phyfique a tant gagne 
depuis un fiecle, et qu’elle gagne encore chaque jour: nous voyons s’accroitre le 
catalogue de nos metres, a mefure que fes diverfes branches fe developpent et 
s’etendent. Peu contens aujourd’hui d’appercevoir, de conjefturer, de faire des 
iyftemes dans ce qu’on appelle improprement le pofiible, et qui n’eft que la 
region des chimeres, nous entreprenons de decouvrir les caufes par leurs effets, 

M m m 2 
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to inveftigate catifes through their effects, by meafuring 
thefe wherever nature gives us a fufficient hold, in order 
not to be deceived by femblances of truth. 

The firft rays of this light, the dawn of all true know¬ 
ledge in philofophy, were extremely weak. At firft 
philofophers were fatisfied with having inftruments 
which indicated the exiftence of certain caufes that our 
organs could either not difcover at all, or difcovered 
very imperfectly. Hence the modeft names given by the 
firft inventors to their inftruments. They called only 
Barofcopes, Thermofcopes, Microfcopes, thofe inftru— 
ments which were intended to fhow the weight of the 
air, the dilatation of' bodies by heat, the objects which 
efcaped the naked eye. 

Thele 


*n mefurant ceux-ci, partout oula nature nousdonne quelqueprife, pour n’etre 
pas trompes par des apperfta. 

Les premiers rayons de cette lumiere, qui etoient l’aurore des vrayes connoif- 
fances en phyfique, furent d’abord tres foibles. On fe trouva bien content 
d’avoir des machines qui fiffent appercevoir furement l’exiftence de certaines 
caufes, qae nos organes feuls ne pouvoient decouvrir, ou ne decouvroient que 
tres imparfaitement. De la les denominations modeftes que les premiers inven- 
teurs donnerent a leurs machines. Its n’appellerent que Barofcopes, Thermo¬ 
fcopes, Microfcopes, leurs inftrumens deftines a montrer, le poidsdel’air la 
dilatation des corps par la chaleur, les objets qui echappent a la vue 4 * 
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Or 
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Thefe names were too foon changed, in calling mea¬ 
sures what was not yet fuch; but we every day become 
more delicate with refpedl to the conditions they require ; 
and the progrefs made towards perfe&ing them, are the 
molt effectual fteps which have been made towards the 
knowledge of Nature; for it is they that have given us 
a difguft to the jargon of fyftems, founded upon mere 
hypothefes or deceitful appearances, the confequences of 
which were fpreading faft into metaphyfics, in which it. 
occafioned general confuiion.. 

The improvement of phylical meafures does not only 
lead us to a better knowledge of the immediate caufes of 
the effects thus meafured, but it affifts us in decompofing 
complex effe&s, and efpecially in difcovering and deter¬ 
mining the limultaneous effe&s which I lhall hereafter 
name the co-effe£ls of the fame, caufes. 

When 


On a change trop tot la terminaifon de ces noms et de bien d’autres femblables, 
cn qualifiant de mefure ce qui ne l’etoit point encore. Mais chaque jour on 
devient plus delicat fur les conditions qu’elles exigent; et les progress vers leur 
perfe&ion, font les pas les plus reels qu’on ait faits vers la connoiffance de la 
Nature: car ce*font ceux qui ont le plus contribue a nous degouter da jargon de# 
fyftemes fondes fur des hypothefes ou des apparences trompeufes, dont les confe¬ 
quences palfoient en foule dans la Metaphyfique, et y boulverfoient toufc 

Le perfe&ionnemcnt des Mefures phyfique ne nous conduit pas uniquement 
\ mieux connoitre les caufes immediates des effets mefures; mais il nous aide a 
decompofer les effets complexes, et furtout a decouvrir et determiner les effets 
jimultanes, que je nommerai dans la fuite les co-effets des mernes caufes. 

Qpand 
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When from experiments, fometimes very nice, we 
have affured ourfelves that two or more effects con- 
ftantly go together in certain relations, we may content 
ourfelves with obferving the moft evident of them, 
and depend upon the exiftence of the others, as if they 
were immediately obferved. This leads us from relation 
to relation to the difcovery of operations of Nature which 
before were entirely hidden: and nothing can be more 
ufeful to man, than fometimes to examine, how he rea- 
foned upon thofe objects before he was guided by 
experience. 

Thefe inftances of the connections of effects,difcovered, 
and afterwards meafured one by the other, are now be¬ 
come fo frequent in natural philofophy that it would be 
ufelefs to infill upon them: and indeed when oneconfiders 
our phyfical inftruments, one may fee that the greateft 

part 


Quand par des experiences, femvent tres dellcates, nous nous fommes affuref 
que deux ou plufieurs efFets marchent toujours enfemble dans certains rapports, 
nous pouvons nous contenter d’obferver le plus evident, et compter fur l’exiftence 
des autres comme s’ils etoient immediatement manifeftes; ce qui nous conduit, 
de rapport en rapport, a decouvrir des operations de la Nature, quiavant cel a 
nous etoient entierement voilees: et rien n’eft plus necefiaire a l’Homme, que 
d’examiner quelquefois comment il en raifonnoit avant qu’il eut ces fecours. 

Les exemples de ces liaifons d’efFets, decouverts, et mefures enfuite les uns par 
les autres, font aujourd’hui fi multiplies dans la Phyfique, qu’il feroit inutile 
d’infiAer fur ce point: et quand on confidere meme Penfemble de nos machine* 

de 
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part of them are intended only for the difeovery of co- 
effeCts, by the knowledge of thofe which are more evi¬ 
dent. Our fearch after new meafures has likewife the 
lame end in view. If we wilh for an Hygrometer, an 
Electrometer, a Photometer, it is lefs with a defign of 
arriving by means of them to a knowledge of the 
abfolute or relative quantities, of moifture, of eleCtrie 
fluid, of light, than to endeavour afterwards to conned 
the perceptible effects of thefe caufes upon our, mea¬ 
fures, with other lefs evident effects, but which depend 
upon them, either as leparate co-effeCts, or as modifica¬ 
tions of other effects . 

With all this the general problem of phyfical mea¬ 
fures is a complicated one from the firft outfet. The 
firft objeCt of all thefe meafures is to know the exiftence 
of a Ample cauie and of its degrees of intenfity; and we 

have 


de phyfique, on voit que le plus grand nombre n’eft deftlnequ’a determiner des 
co-effets, par la connoilTance de ceux qui font le plus evidens. Laplupart aulfi 
de nos recherches de nouvelles mefures tendent a ce meme but. Si nous defirons 
un Hygrometre, un Ele&rometre, un Pbotometre, e’eft moins pour connoitre,, 
en les obfervant, les quantites abfolues ou relatives de l’humidite, du fluideelec- 
trique s de la lumiere; que pour travailler enfuite a lier les effets evidens de ces 
caufes fur nos mefures, a d’autres effets, moins evidens qui en dependent, ou 
com me co-effets fepares, ou comme modifications d autres effets. 

Cependant le probleme general des mefures phyfiques eft complique des fon 
prenuer pasi Connote l’exiftence d’une caufe fimple et fes degres d’intenfite, 

eft 
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have nothing to come at it, but the effects which this 
caufe produces upon other bodies, which, for the molt 
part, do themfelves comprehend a great number of 
other caufes. We can never therefore, obferve effects 
abfolutely fimple; and confequently, fenfible effects 
which are equal amongft themfelves, do not point out 
degrees likewife equal amongft themfelves in the caufe 
to which they are attributed. What, for inftance, are 
our meafures of heat ? The dilatations of bodies. What 
our meafures of the weight of the air? The height of 
the quickiilver in the Barometer. But the dilatation of 
bodies by heat depends upon the nature of bodies, as well 
for its quantity, as for the law of its progreflion by equal 
augmentations of heat; and the effects of the weight of 
the air upon the quickiilver of the Barometer, are modi¬ 
fied by the different degrees of the heat of this liquid, 

by 


eft le premier objet de toutes ces mefuresj et nous n’avons pour y arriver, que 
les effets que produit cette caufe fur cei tains corps, qui deja eux-memes renfer~ 
ment le plus fouvent une multitude d*autres caufes. Jamais done nous ne pou* 
vons obferver des effets abfolumentfimples; et par cohfequent, des effets fenfibles 
qui font egaux entr’eux, ne marquent point des degtes, aufli egaux entr’eux, 
dans la caufe a laquelle nous les attribuons* Qu’eft-ce par exemple que nos 
mefures de la chaleur? Ce font les dilatations des corps. Qu’eft.ce que la 
mefure du poids de Pair? C*eft la hauteur du mercure dans le Barometre. Et deja 
la dilatation des corps par la chaleur depend de leur nature, tant pour fa quan¬ 
tise, que pour la loi de fes progrds par des augmentations egales de la chaleur: et 
Peffet du poids de fair fur le mercure du Barometre eft modifie* par les divers 

degree 
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by the nature of the vacuum in which it is fufpended, 
by the attraction of the glafs, by the friction, perhaps by 
the permeability of glafs to fome particles of that mixed 
fluid to which we give the general name of air, or by 
various other caufes that are equally unknown to us. 
The fame holds true with regard to all other phyfical 
meafures; and this fxrft ftep of the ladder, by which we 
ftrive to raife ourfelves to the knowledge of caufes, is 
already very difficult to afcertain. 

The fecond, however, is much more fo, fince it de¬ 
pends upon determining the co-effeCts of the fame 
caufes, either in the lame or in different bodies. Thus 
when we ffiall be pofiefled of an Hygrometer, we ffiall 
endeavour to find out what effeCls this humor , whofe 
prefence and degrees will be indicated by the inftrument, 

produces 


degres de chaleur de ce liquide, pat la nature du vuide dans lequel il eft fuf- 
pendu, par l’attraftion du verrc, par le frottement;' etpeut-etre encore par la 
permeabilite du verre a quelques particules de ce que nous appellons en general 
Pair, ou par d’autres caufes qui nous font egalement inconnues. II en eft de 
meme de toutes les autres melures phyfiques; et ce premier ecbellon, par lequel 
nous cherchons a nous elever a la connoiflTance des caufe 5 , eft deja tres difficile i 
bien affurer. 

Mais lc fecond l’eft bien advantage. II confifte a determiner lei co-effets des 
memes caufes, ou dans les memes corps, ou dans des corps diflerens. Ainfi, 
quand nous aurons un Hygrometre, nous chercherons a favoir quel effet produit, 
fur l’yvoire qui s’allonge, fur les fels dont le poids augmente, fur la denfite de 
Vot. LXVIII. N n n r “* 
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produces upon ivory which lengthens, upon falts whofe 
weight increafes, upon the denfity of the air which 
varies, upon its fal-ubrity, its refringent power, &c. 

But even when this is done, we fhall be embarafied by 
ifhe degrees of thefe co-effeCts; probably they will not all 
iincreafe in the fame proportions as the dilatations of the 
ivory, or the augmentations of the weight of an abforbant: 
body; and a great many experiments will be neceflary to 
difcover the laws they obferve by the different intenfities 
of this common caufe. 

It is notwithftanding upon relations of this fort, that 
every thing depends in experimental philofophy and in¬ 
deed in all true philofophy. Gonfequently, the perfect¬ 
ing the methods of determining thefe relations muft 
be a principal objeCt with all good philofophers. I will 

not 


I’air qui vane, fur fa falubrite, fur fa vertu refringente, cette humor dont la 
prefence et les degres feront indiques par l’inftruinent. 

Mais alors encore les degres des co-efFets nous embarraiTeront: il ne croitront 
pas yrailemblablement dans les memes rapports que les dilatations de Tyvoire, 
ou les augmentations de poids d’un corps abforbant; et il faudra bien des expe¬ 
riences pour decouvrir les loix qu’ils fuivent par les differentes intenfites de cett* 
caufe commune. 

C’eft cependant a des rapportsde ce genre que tout fe reduit dans la phylique 
experimentale, et par cela meme dans la bonne phyfique fpeculative qui ne fe 
paye pas de mots. Par confequent le perfeftionnement des methodea pour de¬ 
terminer ces rapports, doit etre undes objets de la plus grande attention des Phy- 

ficiens. 
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not enter into the methods which lead us ftep by ftep 
to the difcovery of the correfponding progreflions of co- 
effects of the feme caufes: it would be too difficult to 
generalize them whenever one went beyond that funda¬ 
mental principle of all fcience, found logic; and, what is 
the beft prefervative againft precipitation, the knowledge 
of the weaknefs of our organs and of our under- 
ftanding. 

But it is not always practicable to trace in all its 
points, the curve that is defcribed by a feries of cor- 
refponding phenomena; and we are often forced to con¬ 
tent ourfelves with confidering as proportional in all 
degrees of intenfity of the eaufe, fome relations that have 
been either obferved or found by experiment. This ex¬ 
pedient one is likewife often reduced to in practice, in 
order not to complicate procefles without reafon. Thus, 

for 


ficiens. Je ne m’arreterai pas a celles qui conduifent a dccouvrir pas a pas le* 
inarches correfpondantes des co»efiets des memes caufes: il feroit trop difficile de 
les generalifer des qu’on voudroit aller au de la dc ce principe fondamcntal de 
toute fcience, une bonne logique; et de ce prefervatif contre 1& precipitation, 
la connoiffance de la foiblefle de nos organes et de notre intelligence. 

Mais il n’eft pas toujours poffible de tracer par tous leurs points,, les courbes 
que decrivent les fuites des phenomenes correfpondants j et l’on eft fouvent reduit 
a fe contenter de regarder comme proportionnels dans tous les degres d’intenfite 
de la eaufe, quelques rapports obferves ou trouves par l’cxperience. C’eft me me 
un expedient auquel on eft le plus fouvent reduit dans la pratique, pour n y pas 
compliquer les procedes fans avantage. Ainfi dans le Pendule, comme dans mon 

Nru Hygrometre, 



49 2 Mr. de luc on 

for instance, in the Pendulum and in my Hygrometer, if 
one would take notice of the different laws which fol¬ 
low, in their dilatations by heat, the fubftances whofe ef¬ 
fects ohe means to compenfate the one by the other, be- 
fides the difficulty of finding thefe laws, the application 
might perhaps throw us into mechanical complications, 
that would deftroy all the exadtnefs we want to pro¬ 
duce by thefe means. 

In general, the fixing of laws is fcarce ever the firft 
ftep taken in new difcoveries. One begins by eftablifhing 
by experiment fome fundamental relations, and one con- 
fider afterwards the correfponding points of the pheno¬ 
mena as being proportional, till be degrees, overcoming 
the difficulties, one becomes to grow familiar with what 
one ufed to look upon before as great ftrides; and one 

perceives 


Hygrometre, fi Ton vouloit avoir egard aux diflferentes loix que fuivent dans 
leurs dilatations par la chaleur, les matieres dont on cherche a compenfer les 
effets les uns par les autres; outre la diificulte de decouvrir ces loix, on fe jetteroit 
peut-etre dansdes complications mecaniques, qui detruiroient route Pexaftitude 
qu'on vouloit chercher par ce moyen. 

En general, dans toutes les nouvelles decouvertes, les premiers pas font rare- 
ment des fixations de Loix, On etablit quelque rapports fondamentaux par Inex¬ 
perience, et l’on regarde les autres points correfpondans des phenomenes, comme 
proportionnels a ceux la; jufqu’a ce que, furmontant par degre les obftacles, on 
ibit parvenu a fe familliarifer avec ce qu’on regardoit d’abord comme de grands 

pas 
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perceives that there are greater fteps that may and ought 
to be made. 

It is ufeful, therefore, to confider in what manner one 
might with fome fafety mark out thefe firft Iketches of 
the laws of Nature, by finding the particular relations of 
the co-efFe£ts which might be applied with leaft error to 
proportional fcales. It will be contributing to bring for¬ 
ward the moment in which, feeing clearer into the na¬ 
ture of things, and having learnt to diftinguifti real 
knowledge from what has only the appearance of it, we 
fhall be led to feek for exatStnefs in every thing. 

A prac- 


pas, et a fentir qifil faut et qu*on peut alter plus loin* 

II eft done avantageux de confiderer, comment on pourroit tracer avec quelque 
furete ces premieres efquifies des Loix de la Nature, en trouvant les rapports parti¬ 
culars des co-effets qui s’appliqueroient avec le moins d’erreur a des echelles 
proportionnelles. Ce fera accelerer le moment, ou, voyant plus clair dans la 
nature des chofes, et diftinguant bien les connoiftances reelles, d’avec ce qui n’en 
a que 1’apparence, nous nous fentirons conduits a chercher l’exaftitude par* 
4 o,ut. 


Moyen 
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A practical method of approximation in the determination 
of the co-effects of the fame caufes. 

It has. been thought hitherto, that in order to leflen 
the effects of the errors which are unavoidable in obfer- 
vations and experiments, one ought to look for the rela¬ 
tions of the co-effedts at the greateft pofiible diftances; 
becaufe in that cafe the errors being divided upon a 
greater fpace, each feparate part is lefs affedled by them. 
Thus, in order to find the relation of the dilatations of 
brafs and fteel employed in the Pendulum, one would 
willingly expofe thefe metals to an artificial congelation 
and to the heat of boiling oil, that, by meafuring greater 

lengthenings, 


Moyen pratique dapproximation, dam la fixation des rapports des co-ejfets des mimes 

caufes . 

On a imagine jufqu’ici, que pour diminuei* Ics effets des erreurs inevitables 
dans les obfervations et les experiences, il folloit chercher les rapports des co- 
eftets auxplus grandes diftances poflibles; parce que ces erreurs fe divifant fur un 
plus grand intervalle, deviennent plus infenftbles fur chacune de fes parties, 
C’eft ainft que pour trouver le rapport des dilatations du leton et de facier qu’on 
employe au Pendule, on expoferoit volontiers ces m£taux a une congelation arti- 
ftciclle et a la chaleur de l’huile bouillantej afin que pouvant mefurer de plus 

grands 
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lengthenings, the imperfection of the meafure might 
become infenfible in the determination of their relation. 

This method is indeed very good to compare with 
each other effects, the progreffions of which are propor¬ 
tioned; and one is right to make rife of it whenever extent 
or weight is concerned. But it is often very deceitful in 
phyfics: for as the co-effeCts feldom go by proportional 
degrees, the more the obferved points of their relations 
are diftant, the more the deviations become confiderable 
in the intermediate points, when they are confidered as 
proportional to the whole. It is thus that two different 
curves, which cut each other in two points, deviate the 
more from each other in the fpace comprized between 
the two interfeCtions, the more diftant the points of in- 
terfeClion are from each other. Now the correfpondent 
points, taken by obfervation in two feries of phenomena 

which 


grands allongemens, Pimperfe&ion de la mefure devint infenfible dans la fixation 
de leur rapport, 

Cette methode feroit tres bonne pour comparer entr’e'ux des efFets qni auroient 
des marches proportionnelles; et on 1’employe avec raifon quand il s’agit de l*eten- 
due ou des poids: mais elle eft le plus fouvent fort trompeufe en Phyfique. Car 
des que les co-effets marchent rarement par degres proportionnels, plushes points 
obferves des rapports font diftans, plus les ecarts deviennent grands dans les 
points intermediaires, en les regardant comme proportionnels au rapport total. 
C’eft ainfi que deux courbes differentes qui fe croifent en deux points, s’ecartent 
d’autant plus l’une de l’autre dans l’intervalle* des deux interfedions, que ces 
points de rencontre font plus eloignes.. Or les points correfpondans par obferva- 
h tion > 
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which follow different laws, are the interfe&ions of the 
curves; and the errors we make in the intermediate re¬ 
lations when we confider them as proportional, are 
like the deviations of the two curves in the interval of 
the interfe&ions. 

The effect then intended to be produced by taking 
very diftant points of comparifon being, in general, to 
accumulate within the intervals of thefe points the de¬ 
viations of the laws which happen to be different; much 
will be gained, in thofe cafes in which the laws them- 
felves cannot be difcovered, by feeking for points of 
comparifon within the lead: diftances that the particular 
obfervations, for which the phyfical meafures are in¬ 
tended, will allow. 

It is thus that we have happened to have ufed for a long 
time Thermometers of quickfilver and fpirits of wine, 

in 


tion, de deux fuites de phenomcnes qui fuivent des loix differentes, font les inter- 
fedtions de ces courbes; et les erreurs qu’on fait dans les rapports intermediaires 
enles coniiderant comme proportionneis, fontcomme les ecarts des deux courbes 
dans Tintervalle des interfe&ions. 

L’effet de prendre des points de conaparaifon fort diftans,etant done en general, 
d’accumuler dans Tintervalle de ces points les ecarts des Loix qui fe trouvent dif¬ 
ferentes, on gagnera beaucoup, dans les cas ou Ton ne pourra pas decouvrir les 
Loix elles-memes, a chercher des points de comparaifon dans les moindres 
diftances que puiftent comporter les obfervations particulures auxquelles on 
deftinera les Mefures phyfiques. 

C’eft ainfi que par hazard on a eu longtems des Therm ometres de 


mcrcurc 
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in which the difference of trbeprogreffions between thefe 
two liquids in their dilatations by heat was not obferved. 
Mr. de Reaumur’s Thermometer, one of the fxrft to 
which one endeavoured to affign fixed points, was too dif¬ 
ficult in its conftrudtion for each Thermometer to be, 
immediately graduated; and indeed the author himfelf 
only ufed his method in making ftandards to which the 
Thermometers intended for common ufes were after¬ 
wards compared. Abbe nollet, his difciple, who for 
a long time gave theton for Thermometers in France 
and in the Southern countries, followed his matter’s 
method. The only immediate point he marked upon 
his Thermometers was that of freezing ; and he com¬ 
pared them afterwards in water of 30° of that fcale in 
which the real interval between the freezing and boiling 
points ought to be divided into about 1 oo°. By this me¬ 
thod, 

mercure etd’efprit de vin ou 1’on ne remarquoit pas les differences demarche de 
cesdeux liquides. Le Thermometre de M' de Reaumur, l’undes premiers 
auxquels on ait tente de donner des points fixes, etoit trop difficile a conftruire, 
pour que chaque Thermometre put etre gradue immediatement. Aufli l’auteur 
lui-meme n*employoit-il fa methode qu*a faire des etalons, auxquels il compa- 
ro& enfuite les Thermometres deftines aux ufages ordinaires. M' l’Abbe 
nollet, fon difciple, qui pendant long terns a donne le ton pour les Thermo- • 
metres, taaten France que dans les pays meridionaux, fuivit la methoue de fon 
maitre: ne marqupit immediatement fur fes Thermometres, quele point de la 

congelation; et il les comparoit enfuite dansde l’eau a 30° de cette cchelle la, 
ou ioo° environ, divifoient l’intervalle reel de la congelation a l’eau bpuillante. 

Vol. LXVIII. o o o Par 
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thod, and at that period in which natural philofophy 
was Hill very inaccurate, one did Hot obferve the dif¬ 
ference between the progrefiions of fpirits of wine and 
quickfilver; and in fadl it was eafy to miftake them. I 
have Ihewn it in fpeaking of thefe Thermometers, and I 
fhall have occafion to fhew it more fully very foon. 

This doubtlefs was a defeat, and a very conliderable 
one, whether we confider that the Thermometer is in¬ 
tended to indicate degrees of heat, both much larger and 
much fmaller than the interval between thefe 30°; or 
that it is a moil capital inftrument in natural philofophy, 
and as fuch may be ufed in experiments where the leaft 
defers may have fenfible confequences. For thefe 
reafons I only mention this cafe, as an help for me to 
explain what I propofe to fay upon other inftruments in 

which 


Par cette methode, ct dans ce terns fa ou la Phyfique etoit encore fort peu exa&e, 
on ne remarquoit pas la difference des marches du mercure et de l’efprit de vin, 
4 cl’on pouvoit en effet s’y meprendre* Je l’ai montre en traitant de ces Ther¬ 
mometres, et je le montrerai plus particulierement bientot. 

•'Cetoh la fans doute un defaut, et un defaut tres grand; foit parce que le 
Thermometre ell defline a indiquer des degres de chaleur bien plus grands et 
bien moindres que Pintervalle de ces 30°; foit parce que c’eft un inftrument 
fondamental en Phyfique, qui peut etre employe a des experiences ou le moindre 
defaut auroit des elfets fenfibles* Aufti ne rapporte-je ce cas, que pour m’expliquer 
^ plus 
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which a greater degree of exadtnefs would be either 
ufelefs or impoffible. 

Simple and evident as this principle is, yet, as it often 
happens that obvious ideas do not ftrike, even becaufe 
their being obvious gives them a trivial air, I will 
ftrengthen this by ufeful examples, and one offers itfelf 
to which I have been led by the foregoing. 

Suppofe one wants to know the dilatations of fpirit of 
Wine: by heat,in order to have regard to it in effaying the 
fpirituofity of vinous liquors, which is wont to be eftimated 
by their fpecific gravities; an article as every one knows 
of much confequence in the brandy trade, and which has 
likewife fome connedtion with chemiftry: I fay, that one 
would make a confiderable error if, in order to deter¬ 
mine the relations of the dilatations of the brandy with 
the indications of the quickfilver Thermometer, which 

fliould 


plus aifement dans ce que je me propole de dire fur ceux ou une plus grande 
exa&itude feroit ou inutile ou impoffible. 

Quelque fimple et evidente que foil cette r£gle, comme’ il arrive louvent que 
les idees fimples ne frappent point, precifement a caufe de leur fknplicite qui leur 
donne un air trivial, je fortifierai celle-ci par des exemplesutiles. Et cn voici 
un d’abord, auquel I’exemple precedent m’a conduit. 

Je fuppofequ’on veuille connoitre les dilatations de l’efprit de vin par la cha- 
leur, afin d’y avoir 6gard dans la mefure de la fpirituofite des liqueurs vineufes, 
tftimee par leur pefanteur fpccifique; objet important au commerce confiderable 
des eaux de vie, et qui intereiTe auflt la chimie. Je dis qu’on feroit un grand 
ecart, fi, pour determiner le rapport des dilatations de l’efprit de vin, avec les 
indications du Thermometre de mercure, qui ferviroit enfuite a marquer la tern- 

O o o x perature 
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fbould afterwards mark the temperature of this liquor, 
one was to take terms very diftant from each other, as for 
inftance the freezing and boiling points; whilft on the 
other hand, by keeping within the temperatures in. 
which the trials iliould be made, one would come fo near 
the truth, that the differences would be imperceptible. 

This inftance, in itfelf ufeful, being proper to be ap¬ 
plied to every cafe in which we wifh to compare with 
one another phylical effedts which depend upon the 
fame caufe, that we may afterwards judge of them all 
by one, I ihall dwell upon it a little while to give a full 
explanation of it. 

I fuppofe that the experiments intended to effay 
the fpirituofity of different liquors diftilled from 
wine, by the fpecific gravities of them, are made be¬ 
tween the temperatures which anfwer to 32 0 and 77® 

of 


perature de cette liqueur, on prenoit destermes fort eloignes, comme la congela¬ 
tion et I’eau bouillante: tandisqu’au contraire, en fe renfermant dans les tem¬ 
peratures oil les epwraves fero'ient faites, on apprdcheroit fi fort de la verite, que 
les differences feroient iroperceptibles. 

Cet exemple ayant quelque utilite par lui-meme, et pouvant etre applique a 
toute forte de cas ou l’on compare entr’eux des effets phyfiques dependants d’une 
meme caufe, pout juger enfuite de tous par un feul, je m’y arreterai afin de Ie 
mieux eclajrcir. 

Je fuppoferai que les experiences deftinees a eprouvtr les degres de fpirituofite 
des diverfes liqueurs diftilleesdu vin,parleqr pefanteur fpecifique, fe feront entre 
les temperatures qui correfpondent a 3a 0 et 77° fur le Thermometrede Fah¬ 
renheit 


7 



Pyrometry and Areometry , &c. 501 

of Fahrenheit’s Thermometer, as this takes in all the 
ordinary cafes. The queftion is, to examine which is the 
molt: convenient method of introducing into this mea- 
fure an equation for the differences of the heat; an 
equation I mean which does not occafion ufelefs difficul¬ 
ties. 

Thefe temperatures 3a 0 and 77 0 upon Fahrenheit’s 
Thermometer, correfpond with o and 20° upon the fcale 
of which I have hitherto fpoken, in which the boiling 
point is at 8o° and the freezing at o. I fliall fpeak of 
this fcale, becaufe it is the one I made ufe of in my ex¬ 
periments on the progreffions of liquors diltilled from 
wine in their dilatations by heat, and of which I have 
given an account in my work abovemen tioned (d> . 

(d) Vol, I. p. 326. 

I fuppofe 


RENHEIT, ce qui renfermera tous les cas ordinaires. II s’agit done d’examiner 
quelle fera la route la plus convenable, pour introduire dans cette mefure une 
equation pour les differences de la chaleur, equation qui n’occafione pas de trop 
grandes difficultes, fans utilite dans la pratique* 

Ces temperatures 32 0 et 77 0 fur le,Thermometre de Fahrenheit, correfpon- 
denta o et 20° fur Pechelle dontj’ai parle jufq’ici, ou l’eau bouiilante eft a 8o° et 
Feau dans la glace a o. J'employerai encore cette echelle, parce que c’eft celle 
dont je me fuis fervi dans les experiences que j’ai faites autrefois fur la marche 
des liqueurs diftilleesdu vin, dans ieurs dilatations pour la chaleur;, experiences 
que j’ai.rappprtecsdans monouvrage cited-deffus (d). 


Jc 


(ej Tom. I. p. 346.* 
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I fuppofe that, according to the ufual method, 
feeking for the dilatations of the fpirituous liquor by 
great differences of heat, one was to compare its bulk 
in ice that melts and in. boiling water, and that not know¬ 
ing, or not regarding, the different progreflions of this 
liquor and quickfilver in their refpe<Stive dilatations, 
nor the effect which the difference of fpirituofity pro¬ 
duces in this refpecSt, one fhould con fider thefe progref- 
fions as proportional. Here are the deviations one would 
be expofed to in the limits of the temperatures to which 
the rule fhould be applied, I mean between o and 20°. 

The numbers which are placed in the two columns of 
the fpirituous liquors indicate the proportions of the 
augmentations of their bulks by the temperatures indi¬ 
cated by the quickfilver Thermometer. I have given to 
the total fcale of thefe proportions the fame number 

of 


Jc fuppofe cFabord que fuivant Fofage ordinaire, cherchant les dilatations de 
la liqueur fpiritueufe par de grandes differences de chaleur, on comparat fes 
volumes dans la glace qui fond et dans t’eau bouillante; et qu’ignorantou negli- 
geant la difference de marche de cette liqueur et du mercure dans leurs dilata¬ 
tions, ainfi que Feffet que produit meme a cet 3 gard la difference de fpirituofite, 
on regardat ces marches comme proportionelles.; voici les ecarts dans lefquelg 
on tomberoit, dans les limites des temperatures ou Fon appliqueroit la regie; 
c’efl a dire de a a 20°. 

Les nombres places dans les deux colonnes des liqueurs fpiritueufes, marquent 
les rapports de leurs augmentations de volume par les temperatures indiquees fur 
1 « Thermometre de mercure. J’ai donne a l’echelle totale de ces rapports le 

meme 



Pyrometry and Areotnetry t See. 503 

of equal parts as 

to the Thermometer, in the fame inter- 

val of temperature, in order that their differences within 
this interval may be vilible without calculation; 

Quickfilver Therm. 

Spirit of wine which 
fires gunpowder. 

Brandy, of 2 parts 
flegm and 3 of this 
fpirit of wine. 

80 

80 

80 

20 

*6,5 

15)9 

*5 

12,2 

11,8 

IO 

7)9 

7)7 

s 

3)9 

3,8 

0 

0 

0 


One fees what deviations in general arife from the 
diftance of the points of comparifon when one comes to 

apply 


m&ne nombre de parties egales qu’a celle du Thermometre dans le meme inter¬ 
file de temperature, afin que les differences en dedans de cet intervalle s’apper- 
561 vent a l*oeiI fans calciil. 

Thermometre de mercure. Efprit de vin qui brute Eau de.vie faite de a parties de flegme, 

la poudre. fur 3 parties de cet efprit de vin. 


8° 

80 

80 

20 

16,s 

* 5>9 

*5 

12,2 

11,8 

10 

7>9 

hi 

5 

3>9 


0 

0 

0 


On voit .quels ecarts refultent en general de la diftance des points de compa- 

raifon* 
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apply them to the temperatures in which one precifely 
wants the moil exa£t proportions. One likewife may 
fee that the difference of fpirituolity only, occafions very 
fenfible ones in the progreffions of the two fpirituous 
liquors, and that confequently one would commit a dou¬ 
ble error, if one were to confider the intermediate rela¬ 
tions as proportional to the total relation, eftabliflied 
between quickfilver and one of thefe liquors, only by 
obfervations made in very different temperatures. 

If, on the contrary, the fundamental experiments had 
been made at the probable limits of the obfervations, 
that is at o and at 20° of the Thermometer, having then 
the real dilatation,bet ween thefe two temperatures, of the 
fpirituous liquor which ferved for the experiment, there 
would be only thefe fmall deviations, expreffed by the 

comparifon 


Taifon, quand on vient a les appliquer aux temperatures qu Ton avoit befom 
precifement des rapports les plus exa£fo. On voit auffi que la difference feule de 
ipirituofite, en produit de tres fenfibles dans la marche des deux liqueurs fpi~ 
ritueufes; et que par confequent ont tomberoit doublement dans l’erreur, en 
regardant ces rapports-intermediaires comme proportionnels au rapport total, 
etabli entre le mercure et une feule de ces liqueurs par des obfervations a de 
grandes differences de temperature. 

Si au contraire on eut fait les experiences fondamentales aux limites probables 
des obfervations, c’eft a dire a 0 et a 20° du Thermometre; ayant alors la dila¬ 
tation reelle, entre ces deux temperatures* de la liqueur fpiritueufe qui eut fervi 
a ^experience, on n’auroit £ craindre que lesecarts exprimes par les rapports des 

nombres 
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comparifon of the following numbers, in which the total 
dilatation of the fpirituous liquors is again divided into 
the fame number of equal parts with that of the quick- 
filver in the Thermometer. 


Therm* 

Dilat. of fpirit of wine. 

Dilat. of brandy. 

20 

20 

20 

15 

14,8 

14,8 

10 

9,6 

9>7 

5 

4>7 

4,8 

0 

O 

0 


The feries of numbers which exprefs the dilatations of 
the two fpirituous liquors remain in the fame proportions 
as in the firft cafe, and confequently this is always the re- 
fult of the experiment. But thefe proportions come al¬ 
ready 


nombres fuivans, ou la dilatation totale des liqueurs fpiritueufes eft encore di¬ 
vide cn un meme nombre de parties egales, que celle du tnercure dans le Ther- 
mometre. 


*Thenn. 

Dilat. dt l’efprit de via. 

Dilat. de l’eau de vie. 

ao 

ao 

ao 

*5 

i4>8 

*4,8 

10 

q,6 

9,7 

$ 

4,7 

4,8 

0 

0 

O 


Ties fuites des nombres qui expriment les dilatations des deux liqueurs fpi¬ 
ritueufes reftent dans les memes rapports que dans le premier cas} et par confe- 
quent e’eft toujours le refultat de l’experience. Cependant ces rapports font deja 
Vol. LXVIII. Ppp ' ***** 
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ready fo near to the progreffion of the quicklilver Ther¬ 
mometer itfelf, that the effect of the differences of the 
fpirituofity almoft entirely vanifhes; fo that there would 
be little error in taking as proportional to the total aug¬ 
mentation of bulk at 20° of a certain liquor diftilled 
from wine, the intermediate dilatations of every other 
liquor of the fame kind. 

It is poflible, however, ftill to leffen thefe errors, with¬ 
out having more than two terms of comparjfon by ex¬ 
perience, by taking thefe terms within the limits of the 
probable obfervations, and that for two reafons. The 
firft, that the more numerous obfervations will probably 
be made nearer the points where true proportions have 
been found by experience. The otherythat the greateft 
deviation will be ftill more leffened, by throwing part of 
the errors beyond the two real points of comparifon, in 

order 


fi pres de la marehe du Thermometre meme, que I’effet des differences de fpi* 
rituofite s’evanouit prefque entierement; et qu r il y auroit peu d’erreur a regarder 
comme proport ionnclle a l’augmentation totale de volume a 26° d’une certaine 
liqueur diftiilee du vin, les augmentations intermediates de toute autre liqueur 
du meme genre. 

On peut cependant diminuer encore ces e*Teurs, fans avoir plus de deux termes 
de comparaifon par l’experience, en prenant ces termes en dedans meme des limites 
dcs obfervations probables; et cela par deux confiderations. La premiere que let 
obfervations les plus nombreufes fe trouveront probablement plus pres des vrait 
rapports fixes par ^experience; Tautre que le plus grand ecart diminucra encore. 
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order to leffen the accumulation of them within thefe 
points. 

If, for inftance, inftead of obferving from o to 20° 
the increafe of the bulk of the fpirituous liquor which 
is to ferve as a rule, one obferves it from 5 0 to 15 0 , one 
will have the following proportions, in which the pro- 
greffion of the two liquors ftill continue within their real 
proportions, as I fhall fhew in the fequel. 


Therm. 

Dilat. of the fpirits of wine. 

Dilat. of brandy. 

20 

20,2 

a 0,1 

*5 

*5 

15 

10 

9,8 

9)9 

5 

5 

5 

0 

0,3 

o>3 


It 


€n rejettant une partie des erreurs au dela des deux points reels de comparaifon, 
pour en diminuer raccumulation entre ces points* 

Si par exemple, au lieu d’obferver de o a 20° ^augmentation de volume de la 
liqueur fpiritueufe qui doit fervir de regie, on Pobferve de 5 0 a 15 0 , on aura les 
rapports fuivans, ou les marches des deux liqueurs reftent encore dans leurs pro- 
portions reelles, ce que je montrerai dans la fuite« 


Therm. 

Dilat. de Vefprit de vin. 

Dilat. de l’cau de vie. 

20 

20,2 

20,1 

*5 


is 

JO 

9,8 

9>9 

5 

5 

5 

0 

°>3 

°>3 


P P P a 
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It is evident then, that there is no lbnger any fenfible 
error arifing from the differences of fpirituofity, which 
is already a capital advantage in the cafe propofed as an 
example; in which, fince what one wants to know is the 
degree of fpirituofity of a liquor, one cannot fuppofe it 
known before hand, in order to have regard to it in 
feeking for it. One likewife fees in general, that there is 
fcarce any error to apprehend, even in confidering the 
augmentation of the bulk of thefe liquors, or the dimi¬ 
nution of their fpecific gravities, as being proportional to 
the indication of the quickfilver Thermometer. 

Here is then tne method in which, according to this 
principle, I would conftru< 5 t the comparative Areometer , 
that is fuch a one as might be made the fame every 
where. I chufe this example becaufe it will afford me 
other applications of the general rule. 

Projedi 


On voit done qu’il n’y a plus d’erreur fenfible refultante des differences de 
fpintuofite; et e'eft d’abord un avantage capital dans le cas propofe pour exem¬ 
pt, oil, cherchant a connoitre le degre de fpirituofite d’une liqueur, on ne peut 
pas la fuppofer d’avance pour y avoir egard en la mefuraot. On voitaufli en 
general, qu’il n’y a prefque plus d’erreur a craindre, meme en regardant l’aug- 
mentation de volvime de ces liqueuss, ou leur diminution de pefanteur fpecifique, 
comme proportionnelles a Vindication du Thermometre de mercure. 

Voici d’apres ce principe, comment je conftruirois l’Areometre comparable; 
e’eft-a-dire celui qu’onpourroit faire de memepartout. Je choilis cet exemple, 
parce qu’il me fournira encore d’autres applications de la regie. 


Id 
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ProjeSl of a comparable Areometer. 

I would ufe an Areometer of the moft common con- 
ftru&ion^. It is an inftrument nearly refembling the 
glafs of a Thermometer; that is, a tube with a hollow 
ball at one end. The property of this inftrument is, that: 
it finks the deeper into liquids, the more their fpecific 
gravity decreafe. But that it may become a common 
meafure of this fpecific gravity, certain fixed points and' 
determined degrees muft be afcertained upon it. 

I would make this Areometer of glafs, as being the 
fubftance which undergoes the leaft change of bulk by 
heat, and the changes of which are the moft regular, at 

(f) See fig. 3. and its explanation. 

leaft. 


Idee Aun Areometre comparable* 

J’elnploierois la forme d r Areometre qui eft la plus commune (f) B C’eft ua 
inftrument a peu pres femblable au verre d’un Thermometre, c’eft a dire .cbm- 
pofe d’une boule creufe, et d’un tube qui lui eft joint. La propriete de. cet inftru-. 
ment eft de s’enfoncer d’autant plus dans les liquides, que leur pefanteur fpeci- 
fique eft moindre. Mais pour qu’il devienne une mefure commune de cette pe- 
fantetir fpecifique, il faut qu’il ait des points fixes et des degres determines. 

Je le ferois de verre; comme etant la matiere qui eprouve le moins de change- 
l»ent dans fon volume par la chaleur, et dont les changemens font les plus regu* 

Hers;, 


(fj Voyea U fig. 3. ct fon explication. 
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leaft of all the fubftances which are not affected by hu¬ 
midity. I would always ufe flint-glafs, that its changes 
in this refpedl might be more uniform in all the Areo¬ 
meters. 

Its ball fhould be one inch and an half in dia¬ 
meter, and there fhould be at the bottom of it a little 
hollow cylinder, which fhould communicate with it, and 
contain the ballaft, in order that it might be able to keep 
upright, at the other end, a branch fo much the longer; 
which will be eafily underftood. This ball fhould not be 
very thick, any more than the fuperior branch on which 
its divifions fhould be marked. The different thickneffes 
of this branch, that is, its different external diameters, 
will produce the different fenfibilities of the inftrument. 
The lels the diameter will be, the more will the Areome¬ 
ter 


iiers; du moins entre les matieres que Fhumidite ri’afle&e pas, Ce verre feroit 
toujours le flint-glafs, afm que fes changemens a cet egard fuflent plus uniformed 
dans tous les Areometres. 

Je donnerois a fa boule un pouce et demi de diametre: et elle auroit a fon 
fond un petit cylindre creux qui communiqueroit avec elle, et renfermeroit le 
left; afin de pouvoir maintenir de bout, au cote oppofe, une branche d’autant 
plus longue; ce qu’on fentira aifement. Je ferois cette boule peu epaifle, ainfi 
que le tube fuperieur, ou la branche fur laquelle les divifions devroient etre mar¬ 
quees. Les diflerentes epaiflfeurs de cette branche, c’eft a dire fes diflerens dia- 
. mures exterieurs, feront les diflerentes fenfibilites de rinftnunent: pins fon dia¬ 
meter 
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ter fink by an equal augmentation of the fpirituofity of 
the liquor. 

Unlefs the branch be perfeilly cylindrical, the mea- 
fure would be irregular. It may be a thin brafs tube fil¬ 
tered over, or a filver tube, cemented to the ball of glafs. 
Such metal tubes are eafily drawn through holes as 
wires; fo that one might be fure to have them cylindri¬ 
cal. The dilatation of that tube by heat, befides that it 
is too inconfiderable to be taken notice of, would com¬ 
bine itfelf with that of the liquor, of which I ftiall fpeak 
hereafter. 

I would ballaft the inftrument with quickfilver, in or¬ 
der to have it always ftand upright in the fame manner; 
and of this I would put in fuch a quantity that the moft 
fpirituous liquor, being heated as much as it can be in 

the 


metre fera petit, plus TAreometre s’enfoncera pour une meme augmentation de 
fpirituolite dela liqueur. 

Cette branche devroit etre parfaitement cylindrique; fans quoi elle intro- 
duiroit de Tirregularite dans la mefure. On poun a la faire d’une tube de cuivre 
argente ou d’argent, fort mince, cimente avec la boule. On fait fort bien ces 
petits tuyaux de metal a la liliere; ainli on feioit lur de les avoir cylindriques; et 
quant a l’effet qu’y produiroit la chaleur, il peut etre compte pour rien. D’ail- 
leurs il ie combinera avec celui que produira cette caufe fur la liqueur, et dont jc 
parlerai ci-apres. 

Je lefterois l’inflrument avec du mercure, pour qu’il fe tint toujours de bout 
de la meme maniere; et je l ? y mettrois en telle quantite, que la liqueur la plus 
fpiritueufe, echauftee autant qu’elle pourra l’etre dans les experiences, laiffaten- 

fencer 
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the experiments, may let the Areometer fink nearly to 
the top of its branch. This branch Ihould at the fame 
time be long enough that the lefs fpirituous liquors, 
wine for inftance, reduced to congelation, may let a fmall 
.part of it be immerfed. 

The inftrument being thus prepared, I would take 
fome weak fpirit of wine dilated with one part of 
water on fix parts of fpirits of wine which fires gun¬ 
powder or linen which is fteeped in. I would then 
determine the fpecific gravity of this fpirit of wine at 
the temperature of io° upon my Thermometer, or 54°! 
of F ahrenheit’s, by means of a very nice hydroftatical 
balance. This liquor, undetermined at firft, and which I 
Ihould call only weak fpirit of wine, on account of the in¬ 
termination of the fpirit which burns linen, will be de¬ 
termined as foon as a firft Areometer fhall have been 

conftrucfted 


foncer l’Areometre jufques prts du haut de fa branche; qui devroit etre en meme 
terns aflez longue, pour quo la liqueur la moins fpiritueufe, le vin par exemple, 
rcduit a la congelation, en Jaifsat encore enfoncer une petite partie. 

L’inflrumcnt ainfi prepare, je prendrois un efprit de vin foible, compofe d’i 
partie d’eau fur 6 parties cTefprit de vin qui brule la poudre, ou qui enflamme Ie 
linge dont il eft mouille. Je determinerois la pefanteur fpecilique de cet efprit 
de vin, tandis qu’il feroit a la temperature io° de mon Thermometre, ou 54!° 
deceluide Fahrenheit, en employant pour cette determination une balance 
hydroftatique fort delicate. Cette liqueur, d’abord indeterminee, etquej’ap- 
pellerai feulement elprit de vin foible, a caufe de I’indetermination de l’elprit de 
vin qui brule le linge, fera determinee des qu’on aura fait un premier Areometrc 

par 
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conftru&ed on this plan. It will be then a fpirit of wine, 
which, in the aforefaid temperature, being eflayed by 
the hydroftatic balance, will weigh fo much a cube 
foot: and every inftrument-maker, who fhall undertake 
to conftruft fuch Areometers, will be obliged to begin by 
compofing this fixed liquor by the help of the hydio- 
ftatic balance, in order to conftrudt his ftandard. And 
indeed all I have farther to fay upon the conftrudtion 
of the fcale of this inftrument, relates merely to a ftan¬ 
dard, to which the Areometers in ufe may be compared 
in order to form a fcale. 

For this purpofe they may be dipped fucceflively in 
two liquids of very different fpecific gravities, and fuch that 
the ftandard may indicate thofe fpecific weights by whole 
numbers of degrees, the difference of which may admit 
of a divifion into aliquot parts: it will be very eafy fo to 

modify 


par cette methodej ce fera de l’efprit de vin, qui, ctant a la temperature fuf- 
dite, ef dprouve a la balance hydroftatique, pefera tant par pied cube. Dis lore 
tout faifeur d’inftrumens qui voudra conftruire originalement des Areomt tres, 
devra premierement compofer cette liqueur, par l’epreuve de la balance hydro- 
■ftatique, pour conftruire fon etalon. Car tout ce qui fuit ne regardera plus cn 
eftet qu’un 6talon, auquel les Areometres d’ufage feront fimplement compares 
pour former leur echelle. 

A cet eflet on les mettra fuccefiSvement enfemble dans deux liqueurs de pefan- 
teur fpecifique fort differentes, et telles que l’etalon indique ces pefanteurs fpeci- 
•fiques par des nombres entiers de degres, dont la difference foil fufceptible d’etre 
divifee en parties aliquotes, II fera fort aife de compofer ces deux liqueurs par 
Vox.. LXVIII. * Q»q q des 


5 14 Mr. de luc on 

modify thofe two liquids by mixtures. And when the 
two points at which the intended Areometer ftands in 
the two liquors, lhall be marked upon it, the interval 
between them may be divided into the number of degrees 
indicated by the ftandard. Here the two points of com- 
parifon cannot be too diftant from each other, at leaft if 
the tubes of the two compared Areometers are cylindri¬ 
cal ; for then their intermediate immerfions will always 
be proportionate to the obferved immerfions. I point out 
this, in order to give an example of the inftances in 
which the confiderations, that are the object of this part, 
do not take place. It is the fame as that in which Ther¬ 
mometers made of the fame liquid are divided by com- 
parifon. 

I return to the ftandard Areometer. I would dip 
it into this known fpirit of wine, whilft it is at 

the 


des melanges: et quand on aura marque fur l’Areometre a conftruire les deux, 
■points ©u il fe fera tenu dans les deux liqueurs, on en divifera l’intervalle dans le 
meme norabre de degres indique par l’etalon. Ici les deux points de comparaifon 
ne fauroient etre trop diflans l’un de 1’autre; fidu moins les tubes des deux Areo- 
metres compares font cylindriques: car alors leurs enfoncemens intermediates 
feront toujours proportionnels aux enfoncemens oblerves. Je le fais remarquer 
pour donner un exemple des cas ou les confiderations qui font l’objet de cette 
•partie n*ont pas lieu. C’eft le meme que celui ou l’on divide par comparaifon 
-des Thermometres faits d’«n meme liquide. 

Je reviens a 1 ’Areometre etalon. Je le plongerois dans cet eiprit de vin connu, 
tandis qu’il feroit a la temperature fixee; et jc marquerois avec un fil fur fa 

branche. 
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the fixed temperature, and would mark upon its branch, 
with a thread, the point to which it finks: afterwards I 
would mix three parts of water with feven parts of 
this fame fpirit of wine, to make a fort of brandy ftronger 
than the common; it would be the three-fifths of Lan¬ 
guedoc, which confifts of two parts water and three 
parts fpirit of wine that fires gun-powder. I would again 
dip the Areometer into it, at the fame temperature, and 
would likewife mark this new point with a thread. 

One may fee that, according to the principle I have 
above eftabliflied, I take points of comparifon which are 
within the limits of the greateft and fmalleft fpirituofity 
of the liquors to be tried, in order to obtain a fcale of 
equal parts, free from any fenfible error: and in this cafe 
that precaution is very neceffary; for the degrees of fpi- 

rituofity 


branche, le point ou il s’enfonceroit. Puis je melerois a 7 parties de cet efprit 
de vin, 3 parties d'eau, pour en faire une eau de vie plus forte quel’eau de vie 
commune; ce feroit le trois quints de Languedoc, quidoitetre 2 parties d’eau 
fur 3 parties d’efprit de vin qui brule la poudre. J’y plongerois de nouveau 
PAreometre dans la meme temperature, et je marquerois aufli ce nouveau point 
pnr un HI. 

On voit que fuivant le principe que j’ai etabli ci-devant, je prends des points 
de comparaifon en dedans de la plus grande et de la moindre fpirituofite des 
liqueurs qu’on eprouvera, pour obtenir une echelle en parties egales, fans erreur 
fenfible: et cela eft bien necelfaire ici; car les degres de fpirituofite ne fuivent 

Q q q 2 pa® 
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rituofity do not follow thofe of fpecific gravity, as I fhall 

explain hereafter. 

The points thus indicated upon the branch, having 
determined principles, will be the fixed points of the 
Areometer. The interval between them fhall be divided 
into 30 equal parts, each of which will reprefent —th of 
the total effedt of the added water upon the fpecific gra¬ 
vity of the liquor. The fequel will fhew, that it is 
equally for the conveniency of trade, and of the work¬ 
man who lhall divide the fcale, that I have chofen this 
number. 

I fuppofe that the ftandard will be conftru&ed in fuch 
a manner, that the difference of the finkings fhall be 
confiderable enough for this purpofe, which may be ob¬ 
tained by making the branch thin enough. One may 
afterwards, if it be thought fit, for Areometers of com¬ 
mon 


pas ceux de pefanteur fpecifique, comme je ledirai ci-apres. 

Les points indiques ainfi fur la branche, ayant des principes determines, feront 
les points fixes de l’Areometre. On en divifera l’intervalle en 30 parties, qui feront 
des go mes de l’effet total de Peau ajoutee, fur la pefanteur fpecifique de la liqueur* 
On verra dans la fuite que c’eft autant pour la commodite du commerce, que pour 
celie de Pouvrierqui divifera Pechelle, que j’ai choifi ce nombre de parties. 

Je fuppofe que Ton conftruira Petalon de maniere que la difference d’enfonce- 
ment foit affez grande pour cet effet; ce qu’on peut obtenir en faifant la branche 
alfez mince. On pourra enfuite fi Pon Teut, pour les Areometres d'ufage peu 
2 delicat. 
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mon ufe, and in which it is not neceflary that the branch 
ftiould be fo long, divide the fundamental interval into 
15 parts, which will then be double degrees. 

Having in this manner fixed points and determined 
degrees upon the Areometer, the next thing is to chufe a 
convenient place for the o of its fcale; and the belt will 
be that by which all the effays of the liquors fhall be ex- 
prefied with the fame fign. To effect this, one may take 
one of the wines of which brandy is moft commonly 
made, and, reducing it to the temperature of water in ice, 
dip the Areometer in it, obferving how much higher it 
will ftand than the inferior fixed point. This excefs of 
emerfion, compared with the fundamental fcale, and re¬ 
duced to the nearefi: number of degrees which will be an 
aliquot part of it, will be a proportional quantity fixed 
for ever, which will be added to the fcale below the in¬ 
ferior 


delicat, et ou Fort ne voudra pas la branche fi longue, divifer l’intervalle fonda- 
mental en 15 parties, qui feront alors des doubles degres, 

Ayant ainfi des point fixes et des degres determines fur l’Areometre, il faut 
cboilir une place’commode pour fon zero; etlemieuxeftdeleplacer de maniere 
que toutes les epreuves des liqueurs puifTent etre exprimees avec le meine figne. 
Pour cet eflfet on pourra prendre un des vins done on fait le plus communement 
l’eau de vie, et le reduifant a la temperature de l’eau dans la glace, y plonger l’Are- 
ometre, obfervant decombien il s’enfoncera de moins que le point fixe inferieur. 
Ce furplus d’emerfion, compare a l’intervalle fondamental, et reduit au nombre 
le plus prochain de degres qui fe trouvera une partie aliquote de cet intervalle, 
fera une quantite fixee pour toujours, qu’il faudra ajouter a I’echelle au deffous 
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ferior fixed point, and determine the place of o. Ifup- 
pofe, for inftance, that this excefs of emerfion fliould be 
about 15 0 , or the half of the fundamental fcale: I would 
then fix it at this number; and in that cafe one fliould 
eonftantly add half the fundamental difiance below the 
inferior fixed point, and from thefe begin to count the 
degrees. I mean that the o would be at the bottom of 
the whole fcale, the inferior fixed point would be at 15% 
the fuperior at 45 0 , and the fcale could be prolonged at 
the top as much as fliould be neceflary for the eflays of 
the molt fpirituous liquors. It is after this manner that 
the o of Fahrenheit’s Thermometer is now deter¬ 
mined; and that being placed at 32 0 below the inferior 
fixed point, the greater part of the obfervations are ex- 
prefled upon it in pofitive degrees; fo that it is only in 
extraordinary cafes that they are affedted with the minus 

fign. 


du point fixe inferieur. Je fuppofe par exemple que ee furplus d’cmerfion fe 
trouvat depresde 15°, ou de la moitie de Fechelle fondamentalle; je le fixerois 
a ce nombre; et ainfi j’ajouterois toujours une moitie de Fintervalle fondamental 
; au defTous da point fixe inferieur, pour commencer de la a compter les degree 
de Fechelle. Ainfi le o feroit tout au bas, le point fixe inferieur feroit 
a 15°; le point fixe fuperieur a 45 0 ; et Fechelle feroit prolongee dans le 
haut autant qu’il feroit necefTaire pour fournir a FefTai des liqueurs les plus 
fpiritucufes. Ceft ainfi que le zero du Thermometre de Fahrenheit eft 
& prefent determine, et que fe trouvant ainfi place a 32 0 au defTous du point fixe 
inferieur, la majeure partie des obfervations y eft exprimee en degres pofitifs; et 
gu’il fautdes cas extraordinaires pour qiFelles fbyent accompagnees dufigne 

mainu 
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fign. It would be convenient to pay a regard to this in 
all inftruments, when no other reafons interfere. 

I come now to the correction for the differences of th« 
heat. I would take a liquor of mean fpirituofity, as for 
inftance a mixture of one part of water and feven parts of 
the fpirits of wine determined by the hydroftatic ba¬ 
lance : into this liquor, reduced to the temperature of 45° 
of Fahrenheit, I would plunge the Areometer already 
graduated, and obferve the point to which it finks. I 
would afterwards heat the liquor to 65°, and again ob¬ 
ferve the finking of the Areometer. One might likewife 
make ufe of the fcale of my Thermometer, and obferve 
the linkings at 5 and x 5 of my degrees, which would 
come fenfibly to the fame. 

This 

rloins, II feroit commode d’avoir egard a cela dans tous les inftrumens, quand 
rien d’allieurs ne s’y oppofe. 

Je viens a la correEtion pour les differences de la chaleur. Prenantune liqueur 
de fpirituofite moyenne, comme par exemple le melange d’l partie d*eau a J 
parties de l’efprit de vin fixe par la balance hydrofiatique, Je plongerois l’Area- 
metre, deja gradue, dans cette liqueur reduite a la temperature de 43° de Fah¬ 
renheit, et j’obferverois le point oii il s’enfonceroit: j’echaufferois enfuite 1st 
liqueur a 65°, et j’y oWerverois encore l’enfoncement de l’Ardometre. On pour- 
roitaufii, en employant l’echelle de mon Thermometre, obferver les enfonce- 
. mens a 5 et a 15 de mes degres, cequi reyiendroit fenfiblemcnt au meme. 

Cette 
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This obfervation being made, one may conceive that 
it would be eafy to form a table in which one might ex- 
prefs, in degrees of the Areometer, the effects of the 
differences of heat correfponding to each degree of one 
or other of the Thermometers, fetting out from a fixed 
point; fince the effect correfpondent to each degree of 
the Thermometer, will be looked upon as proportionate 
to that which fhall have been found in the fundamental 
obfervation. 

But I would prefer another method, which I have re¬ 
commended in my work^, becaufe I have found it of 
great ufe in practice; that is, to make a particular fcale 
for the Thermometer intended for thefe experiments, by 
changing the number of the degrees contained between 


(g) VoL I. p. 390. 


the 


Cette obfervation faite, on comprend qu’il feroit aife de former une table, dans 
laquelle on exprimeroit, en degres de l’Areometre, les effets des differences de 
chaleur, correfpondans a chaque degre de Pun ou de Pautre des Thermometres, 
a partir d’un point fixe; car Peffet correfpondant a chaque degre du Therm¬ 
ometre, fera regarde comme proportionnel a celui qu’on aura trouve dans Pob- 
fervation fondamentale. 

Mais je prefererois une autre methode, que j’ai recommandee dans mon 
ouvrage (g)> parce que je Pai trouvee d’une tres grande commodite dans la pra¬ 
tique; c’eft de faire une echellp particuliere pour le Thermometre deftine a ces 
epreuves; en changeant le nombre des degres renfermes entre fes points fixes, 

(gj Tom. I. p. 390. 

pour 
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the fixed points, in order to eftablilh an eafy propor¬ 
tion between them, and the degrees of the Areometer, 
and that thus one might make the correction without 
tables. It would be eafy, for inftance, to make the degrees 
of the Thermometer anfwer to quarters of degrees of 
the Areometer; for in. that cafe, reckoning them from 
a fixed point, one would only have to correct the ob- 
fervations made upon the Areometer, by a quarter of the 
number of degrees indicated upon the Thermometer, 
which feems to me very convenient: and as it is always 
eafier to add than to fubtraCl, I would place the o of this 
Thermometer at the point of the greateft ordinary heat 
of the air, or about 24 0 of my Thermometer, and 86° of 
Fahrenheit’s: for then, reckoning the degrees of the 
Thermometer downwards, one fhould only add them to 
the indication of the Areometer; fihee the cooling of the 

liquor 


pour qu’ils euflent un rapport fimple avec ccux de PAreometre, et qu*on put 
ainfi fe patter de tables. Ii feroit fort aife, par exemple, que les degres du Ther¬ 
mometre correfpondifient a des quarts de degres de PAreometre; et alors, les 
eomptant depuis un point fixe, on n’auroit qu’a corriger Pobfervation faite fur 
rAreometre, par le quart du nombre des degres qu’indiqueroit le Thermometre; 
ce qui me paroitroit fort commode. Et comme il eft toujours plus aife d’addi- 
tionner que de fouftraire, je placerois le zero de ce Thermometre au point de la 
plus grande chaleur ordinaire de Pair, e’eft a dire aux environs de 24 0 de mon 
Thermometre, ou 86° de Fahrenheit; car alors, eomptant les degres du 
Thermometre en defeendant, il faudroit les ajouter a l’indication do l’Areome- 
Vox. LXVII 1 . R r v trej 
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liquor from this fixed point of temperature would leflen 
the effedt of the fpirituofity in the immediate indication 
of the Areometer, comparatively with what it fhould be 
found at this determined point. 

I have here alfo taken, for the companion of the indi¬ 
cation of the Thermometer with the denfity of the fame 
liquor differently warmed, terms which are within the 
extremes of the common obfervations, becaufe here feve- 
ral caufes are combined in the fame effedt. 1. The pro- 
greffion of the dilatations of fpirituous liquids compara¬ 
tively to quickfilver. 2. The different progreffions of the 
liquids of different degrees of fpirituofity. 3. The change 
of bulk of the inftrument itfelf in liquors of different 
temperatures. It became then necefiary to avoid taking 
the fundamental terms of comparifon very wide of each 

other, 


tre; puifque le refroidifTement depuis ce point fixede temperature, diminueroit 
1’efFet de la fpirituoiite fur l’indication immediate de FAreometre, comparative- 
ment a ce qu'on la troaveroit a ce point determine. 

J’ai pris encore ici pour la comparaifon de l’indication du Thermometre avec 
la denlite d’uite meme liqueur differemment chaude, des termes qui fe trouvent 
en dedans des extremes des obfervations ordinaires; parce qu’ici pluiieurs caufes 
fe combinent dans un meme effet, favoir, i°. La marche des dilatations des liqueurs 
fpiritueufes comparativement au mercure, 2°. LadifFerence de marche des liqueurs 
de difFerent degre de ipirituoiite. 3 0 . Les changemens de volume de l’inflrument 
lui meme dans les liqueurs difFeremment chaudes. II falloit done eviter de 
prendre les termes fondamentaux de comparaifon a une grande dillance, de peur 

de 
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other, left the error arifing from confidering the immer- 
fions of the Areometer, occafioned by the changes of 
temperature of the liquor, as being exactly proportionate 
to the indications of the Thermometer, fhould thereby 
be rendered fenfible. 

Every part of the Inftrument being thus determined, 
it will be eafy to conftrudt it every where in an uniform 
manner. Experiments will then be made, and the degree 
of fpirituofity which liquors in trade, under certain de¬ 
nominations, ought to have, will be fixed: Jpirit of 
wine , for inftance, brandy named three-Jifths in Lan¬ 
guedoc, that which is called proof of Holland\ or any 
other. Thefe points being known, as the ftandardof 
the precious metals fixed by the different States that coin 
money, there will then be eftablifhed a proportionate 
value of the degrees of fpirituofity , which fhould be 

found 


de rendre fenfible l’erreur qui refultera totujours de confid^rer les enfoncemens d& 
FAreometre provenans des variations de la chaleur de la liqueur, ootnme. 
exa&ement proportionnels aux indications'du Thermometre. 

Toutes les parties de FInftrument etant ainfi determinees, ilfera aife de le con- 
ftruire partout d’une maniere uniforme. On fera alors des experiences, et l’on 
fixera a certains points de l’Areometre, le degre de fpirituofite que devront avoir 
les liqueurs attendues dans le commerce fous certaines denominations; Yefprit de 
vin, par CXemple, Mean de vie nominee trots quints en Languedoc, celle qu’on 
nomme a I'epreuve de Hollander ou telle autre: et ces points etant connus, 
comme on connoit les titres des mdtaux precieuk fixes par les divers Etats qui 
battent monoye, il s’etablira aufli une valeui proportionnelle des degres die fpiritu• 

R r r 2 oftti 
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found more or lefs than the expedited degree, as there is 
a price for the karat of gold or denier of lilver, by which 
the feller and buyer might always be able to do them- 
lelves juftice. For inftance, every degree lefs than the 
point fixed for the common fpirit of wine would be f 
to be made good by the vender, that is about per cent. 
in the language of trade, and i per cent, only -on brandy 
named three-fiths. 

When this Areometer fhould have come into general 
ufe, the Police of the places in which the trade of fpiri- 
tuous liquors is carried on, might take cognizance of it, 
and keep the public ftandard of the Areometer, as they 
keep the ftandards of weights and meafures. The infpec- 
tors of that trade would thus have fixed modes of eflay¬ 
ing, and the public all the neceflary fecurity. 

There 


ofite de plus ou de moins que le degre attendn; comme il y a un prix pour Je 
karat de l’or et le denier de Pargent: par ou le vendeur et Pacheteur pourront 
toujours fe faire juftice. Par example, chaque degre de moins que le point fixe 
pour P efpritde vin ordinaire, feroit ^ a bonifier par le vendeur, ou environ rf 
pour cent en terme de commerce; et i pour cent feulementfur Veau de vie trois 
quints* 

Quand cet Areometre feroit devenu <Pun ufage un peu general, la Police des 
lieux ou fe fait le commerce des liqueurs fpiritueufes, pourroit en prendre con- 
noiffance, et conferver l’etalon public de PAriometre, comme elle tient en depot 
-ceux des mefures et des poids. Les infpe&eurs prepofes auroient ainfi des 
qprcuves fixes, et le Public toute la certitude neceifaire fur cet objet. 
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There would be little advantage, with refpeCt to exaCt- 
ryefs, in making of fpirit of wine the Thermometer in 
tended for thefe eftays; though its variation would be 
more exactly conformable to the effects of heat upon li¬ 
quors of the fame fpecies: for it has been feen how far, 
by the method I propofed, the differences vaniffi; and, 
on the contrary, there would be a lofs on two accounts: 
the one, that this Thermometer would be much lefs fen- 
lible than the quicklilver one; the other., that it is much 
more difficult to conftruCt it, when one wants to make it 
upon fixed principles, and this the rather as good 
workmen have loft the habit of making them. 

One fees, moreover, that the fame Areometer may (mu- 
tatis mutandis) beufed to meafure the faltnefs of water. 
Upon which I fhall only obferve, that the manner indi¬ 
cated of fixing the correction for the heat, would be ftill 

more 


II y auroit peu a gagner pour Pexa&itude, a faire d’efprit de vin le Thermo- 
m£tre deftine a ces. eprevives, quoique fa marche fut dans le fond plus conforme 
aux efFets de la chaleur fur des liqueurs dememe efpece; car on a vu a quel degre 
la methode queje propofe a fait difparoitre les differences: et il y auroit a 
perdre au contraire a deux egards, l’un que ce Thermometre feroit bien moins 
fenfible que celui de mercure, l’autre qu’il eft bien plus difficile a conftruire, 
lorfqu’on veut le faire fur des principes certains.; d’autant plus que les bons 
cuvriers ont perdu Phabitude d’en faire. 

On voit au refte que le meme inftrument peut etre employe a mefurer 
la falure de Peau, mutatis mutandis . Sur quoi je ferai remarquer feule- 
mentj que la maniere indiquee de fixer la correction pour la chaleur y feroit 
d’autant plus necelfaire, qu’ii y a plus de difference dans la marche des efFets de la 

chaleur. 
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more neceffary in that cafe, as there is a ftill greater dif¬ 
ference in the progreflions of the effects of heat, between 
waters differently falted, than there is between liquors 
that have a different degree of fpirituofity; as may be 
feen by the experiments upon this fubjedt which I have 
explained in my work (h> . 

Whatever approximation the method which I have 
applied to the conftrucftion of the Areometer may give 
towards indicating, by equally diftant degrees upon the 
inftrument, equal differences of fpirituofity or faltnefs 
of the liquids into which it is dipped; it will ftill be true 
that it will only fhew equal differences in the fpecific 

(h) V9I. I. p. 271.—One may alfo fee, in the defcription of fig. 3, the me¬ 
thod of applying this inftrument to meafure in general the fpecific gravity of 
all liquids in which it can fink. 

gravity 


chaleur, entre les eaux. differemitient falees, qu*entre les liqueurs differemment 
fpiritueufes; comme on peut le voir par les experiences que j’ai rapportees a ce 
fujet dans mon ouvrage (b), 

Quelque approximation que fournifle la methode que j’ai appliquee a la con- 
ftruction de TAreometre, pour indiqueur, par des d£gres egalement diftapsfut 
l’inftrument, des differences egales entr’elles de fpirituofite ou de falure des 
liquides dans lefquels on le plongera^ il fera toujours vrai fans doute, qu , il ne 
montrera eXaclement que des differences egales dans lapefanteur fpecifiquede ces 

(h) Tom. I. p. 471.—Voyez auili dans la defcription de la fig. 3. le moyen d’employer cet inftrument 
pour mefurer en general la pcfanteur fpecifique de« liquidos ou il peut s’enfoncer. 

liquides* 



Pyrometry and Areontetry> See. 527 

gravity of the liquids, to which the equal differences of 
faltnefs or fpirituofity will not exactly anfwer. 

But the inftrument being conftrudted upon fixed prin¬ 
ciples, one might afterwards feek for the true laws which 

the different intenfities of thefe caufes follow, when the 

♦ 

changes in the fpecific gravity are equal between them; 
as I have already done < s from an idea of Mr. le sage’s) 
for the real differences of heat correfpondant to degrees 
equally diftant upon the Thermometer^; a determina¬ 
tion which would be ufeful in the particular cafes in 
which the approximation given by the inftrument would 
not be fufficient. 

I have not yet executed this inftrument; nor indeed is 
it neceffary that I ftiould undertake to do it, in a country 


(1) Vol. I. p* 285, 


where 


liquides, auxquelles ne correfpondront pas aufli exa£lement des differences egales 
de falure ou de fpirituofite. 

Mais l*inftrument etant conftruit fur des principes fixes, on pourroit enfuite 
chercher les vraies loix que fuivent les differences d’intenfite de ces caufes aux¬ 
quelles correfpondent des changemens egaux entr’eux dans la pefanteur fpeci- 
fique; comme je lai fait (d’apres une idee de M r jle sage) pour les differences 
reelles de chateur qui produifent des degres egalement diflans fur le Thermo¬ 
metre (ij; fixation qui ferviroit dans quelques cas partkuliers, ouTapproxima- 
tion fournie par l’inflrument ne feroitpas fuffifante. 

Je n’ai pas encore pu executer cet Areometre; et il eft peu neceffaire meme 
que je i?entreprenne, dans un pays ou tant d’artiftes font en etat de me eom- 


(i) Tom> I* p. 2S5. 


prendre. 
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where fo many artifts will underhand me by this defcrip- 
tion, and may even fupply what I have omitted. And 
ihould any one be detirous of undertaking it, I would 
willingly affift him by communicating to him fomc 
ideas for the execution,, which would have made this 
paper too long. 


Conclufion with refpeSl to phyftcal meafures in general. 

Though the Areometer is ufeful in itfelf, the chief 
reafon of my dwelling upon it was to give an example 
of the general rule I have before eftablifhed. 

Here are in this cafe only three phyfical effects, the 
degrees of which are not proportionate to their apparent 
caufes, and which are united under the appearance of one 

tingle 


prendre fur cette defcription, et de fuppleer meme a ce que je pourrois avoir 
ommis: etje me ferois d’ailleurs un plaifir d’aider le premier qui voudra Pentre- 
prendre, en lui cpmmuniquant quelques idees de detail dans l’execution, qui 
auroient trop allonge ce memoire. 

Conclufion fur les Mefures phyfiques en general . 

Quoique PAreometre ait de l’utilite par lui meme, je me fuis principalement 
arrete a expliquer fes principes, pour donner un exemple de la regie generalo 
que j’ai etablie. 

Voila, dans un feul cas, trois effets phyfiques dont les degres ne font pas pro- 
portionnels a ceux de leurs caufes, reunis meme fous l’apparence d’un feul, 
2, fayoii^ 
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lingle effect, namely, the different linking of the Areome¬ 
ter. In the firft place, it will not always link in liquors of 
different denlities in general,proportionally to thefe den- 
lities, on account of the changes of its own bulk by heat, 
and the poflible irregularity of its branch. Secondly, it 
will not link in proportion to the changes of temperature 
of the liquor, becaufe the changes of denlity of the latter 
Will not follow the fame law as the changes of temperature. 
I have already mentioned thefe two caufes of error; but 
here is a third. The Areometer will not link exactly in 
the inverfe ratio of the quantities of flegm; becaufe the 
fpecific gravity of the liquor does not follow the propor¬ 
tion of thefe quantities. It has an increaling progref- 
lion; and here the immediate caufe of this difpropor- 
tion, which is evident, may give us an idea of what takes 

place 


favoir l’enfoncement different de l’Areometre. D’abord il ne s’enfoncera pas 
toujours dans les liqueurs de differentes denfites en general* proportionneliement a 
ces denfites; a caufe de fes propres changemens de volume par la chaleur, et de 
l’irregularite poffible de fon tube. Enfuite il ne s*enfoncera pas proportionnelie¬ 
ment aux changemens de temperature de la liqueur ; parce que les changemens 
de denfite decetle-ci ne fuivront pas lameme loi que les changemens de temper 
rature. J’ai deja indique ces deux caufes d’erreur; mais en void une troifieme. 
L’Areometre ne s’enfoncera pas exa&ement en raifon inverfe des quantites de 
flegme; parce que la pefanteur fpecifique de la liqueur ne fuit pas le rapport de 
ces quantites; elle a une marche croiffante. Et ici, la caufe prochaine de cette 
difproportion, qui eft evidence, peut nous donner une idee de ce qui fe paffd 
Vox. LXVIII. S f f dans 
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place in Nature, and hinders phyfical effects from ap¬ 
pearing proportional to their caufes, in our obfervations. 

The Ipirit and the flegm penetrate each other; that is 
to fay, the bulk of the mixture is a little lefs than the 
fums of the two bulks before the mixture; and fo the 
fpecific gravity, which is the weight or the quantity of 
matter under a certain bulk, increafes a little in the 
mixture, comparatively with the mean fpecific gravity of 
the component parts. This penetration feems to me to 
give us fOme idea of the hidden caufes in bodies, which 
modify, unknown to us, the effeits of the apparent 
caufes, and prevent the obferved effects being propor¬ 
tional to thefe. 

One muft therefore, in order to have equal degrees in 
the Areometer, without fenfible error upon the fpiritu- 

ofity 


dans la Nature, et qui empeche les effets phyliques d’etre proportionnels a leurs 
caufes dans nos obfervations. 

L’efprit et le flegme fe penetrent; c’eft a difce que le volume du melange eft 
un peu moindre que la fomme des deux volumes avant le melange: ainfi la pe- 
fanteur fpecifique, qui eft le poids ou la quantite de matiere, fous uncertain 
volume, augmente un peu dans le melange, comparativement a la pefanteur fpe- 
cifique moyenne des compofans. Cette penetration reprefeme affez bien ce me 
femblc les.-caufes caehees dans les corps, qui modifient a notre infu les effets des 
caufes apparentes, ejt empechent que les effets obferves ne leur foyent propor- 
tionnels, 

II faut done, pour avoir des degres egaux dans l’Areometre fans erreur fenfible 
fur la fpirituofite qu’il doit mefurer, fixer ces degres par la coroparaifon d’effets 

obferves 
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ofity that it is intended to meafure, fix thefe degrees by 
the comparifon of effects obferved within the limits of 
the common obfervations : and this is the fecureft way in 
practice; for how could one make a fcale follow all thefe 
different laws ? 

This is what I propofed to apply to phyfical effects of 
ail kinds which have unequal degrees, by equal dif¬ 
ferences in the intenfity of their caufes, or by equal de¬ 
grees of fome co-effe£t more eafily obferved, and which 
Ihould be made ufe of to determine the other. 

In order to make the advantage of this method more 
confpicuous, I will now apply it to the co-effe6ts the moft 
different which exift perhaps in Nature, I mean the aug¬ 
mentations of the bulks of quickfilver and water by the 
fame augmentations of heat. 

I will 


obferves en dedans des limites des obfervations ordinaires; et e’eft le chemin le 
plus fur dans la pratique; car comment pourroit on fairc fuivre a unc echelle 
toutes ces difFerentes loix* 

Voilace quejeme propofois d’appliquer aux efFets pliyfiques de tout genre 5 
qui ont des degres inegaux, par des differences egaies d’intenfite de leurs caufes, 
ou par des degres egaux de quelque co-efFet, plus aile a obferver, et qui devroit 
fervir a determiner les autres. 

Pour rendre l’utilite de cette methode plus frappante, je vais l’appliquer aux 
co-efFets les plus difparates peut-etre qu’il y ait dans la Nature; je veux diie les 
augmentations de volume du mercure et de l’eau, par les memes augmentations 
de la chaleur. 


S f f ft 
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I will only put the fame cafes I have explained before 
for fpirituous liquors: the firft, in which the a< 5 tual trial 
has been made at 8o° of the Thermometer, the fecond, 
in which it is fuppofed to be made at ao°, both com¬ 
pared with o; and the third, in which the trial is made 
at 5 0 and 15 0 . The deviations of the three cafes between 
the temperatures of o and 20° (reputed to be the limits 
of the common obfervations) are as follow: 

1 ft cafe. 


Je poferai {Implement les memes cas que jVi expliques ci-devant pour les 
liqueurs fpiritueufes; le premier ou Tepreuve a&uelle a ete faite a 8o° du Ther¬ 
mometre; le fecond ou elle eft cenfee faite a 20°; Tun et 1’autre comparative- 
ment a o: et le troifieme ou cette epreuve eft faite a 5 0 et a 15 0 . Les ecarts des 
trois cas, 3 entre les temperatures de o et 20°, cenfees etre les limites des 
obfervations ordinal res, font commefuit. 


1* cas. 
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ift cafe. ad cafe. 3d cafe. 


Therm, 

Dil. of water. 

Therm, 

Dil. of water* 

Therm* 

Dil. of wat. 

80 

80 





• • * 

20 


20 

20 

20 

a 7>5 

X S 

1,6 

is 

7,8 

*5 

IS 

10 

0,2 

10 

I 

xo 

8 

s 

-o,4 

5 


5 

5 

0 

0 

0 

0 

0 

+ 7 


In the change of the exprefixon of the dilatations of 
the water in the third cafe, as in thecorrefponding cafe for 
the fpirituons liquors above mentioned, it was necelfary 
to confider as o or x the bulk of the matter correfponding 
with 5 0 upon the quicklilver Thermometer, lince it is 

with 


l tr 

cas* 

a* 

cas* 

3 m ® cas* 

Therm. 

Pilar, de Team 

Therm. 

Pilat. dcl’eav!. 

Therm* 

Pilar, de i’cau. 

80 

80 





• • • « 

• * * • 





20 


20 

20 

20 

a 7>5 

*5 

i,6 

*5 

7.8 

*5 

»S 

10 

0,2 

XO 

X 

10 

8 

5 

—0,4 

s 

—1,9 

5 

S 

0 

0 

0 

0 

« *»• . * * . 

0 

mm * _ 

+ 7 


Dans !o chsngement de l’cxpreffion des dilatations de l’eau au 3"* cas, com me 
dans lc cas correfpondant ci-devant poor lcs liqueurs fpiritueufes, il a fallu 
d'abord coufidcrer comme nts ou z le volume de l’eau correfpondant a 5 0 fur le 


Ther- 
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with this point that its bulk at the temperature I5°is 
compared. Making afterwards equal to 15-5 = 10 the 
number of the equal parts which meafure the augmen¬ 
tation of the bulk of water, inftead of 1,6 + 0,4= 2, which 
was the number in the fir ft cafe taken from the experi¬ 
ment, I have changed all thefe terms in the proportion 
of 2 to 10, which has preferved the fame proportions 
between them. After this the expreffion of the 
Thermometer continuing the fame, that is, its o or x re¬ 
maining 5 0 lower than the inferior points of the adtual 
comparifon, in order to have, without calculation, the 
deviations within and without thofe points of compari¬ 
fon, it was neceffary to add 5 to all the firft numbers 
which exprefs the real dilatations of the water. I might 
have fubtradfed 5 from each indication of the Thermo¬ 
meter, which would have come to the fame. It will be 

eafily 


Thermometre de mercure; puifque deft avec ce point que Ton volume a la 
temperature i5°eft compare. Faifant enfuite egal a 15 — 5=10 lenombre des 
parties egales qui mefure ^augmentation de volume de l’eau, au iieu de 156 + 0,4 
= 2 qu’etoit ce nombre dans le premier cas tire de ^experience, j’ai change tous 
les tennes dans le rapport de 2 a 10; ce qui a conferve les memes proportions 
entr’eux. Apres quoi, Texpreffion du Thermometre reliant la meme, c’eft a 
dire Ion zero ou z reliant de 5 0 plus bas que le point inferieur de comparaifon 
a&uelle; pour avoir fanscalcul les deviations au dedans et au dehors de ces points 
de comparaifon, il a fallu ajouter 5 a tous les nombres qui expriment les dilata¬ 
tions redles de l’eau. J’aurois pu retrancher 5 i diaque indication du Thermo- 
metre, ce qui feroitrevenu au meme. On vena ailement je crois que c’efl ia la 

route 
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eafily feen, I believe, that this was the road to follow in 
order to tranfpofe, in the third cafe, thofe proportions 
found by experiment, which immediately conftitute the 
fecond. I proceeded in the fame manner in the exam¬ 
ple drawn from the two fpirituous liquors. As to the fecond 
cafe, as w r ell for thefe liquors as for the water, it is evi¬ 
dent, that the change of the fcale which meafures their 
dilatations, occalions no change in the proportions of the 
terms found by experiment. 

I repeat it, I. do not believe one has ever obferved, 
in any cafe, two co-effe£ts of the fame caufe which fol¬ 
low more difproportioned progreffions, than thefe dilata¬ 
tions of quickiilver and water by the fame augmenta¬ 
tions of heat : and yet one fees, that by this method (I 
mean by obferving the real proportions of the co~effects 
within the ordinary limits of the intenlities of the caufes) 

one 


route qu’il falloit fuivre, pour tranfporter dans le 3™ cas, ces rapports trouves 
par l’experience qui forment immediatement le premier, J’ai procede de la 
meme maniere dans l’exemple tire des deux liqueurs fpiritueules. Quant au 
fecond cas, tant pour ces liqueurs quepour l’eau, il ell evident que le changement 
de l’echelle qui mefure leurs dilatations, n ? en apporte aucun dans le rapport des 
termes trouves par Texperience, 

II ne me femble pas, je le repete, qu’on ait obferve en aucun cas, deux co- 
effets d’une meme caufe qui fuivent des marches plus difproportionees que ces 
dilatations du mercure et do l’cau par les memes augmentations dela chaleur ct 
cependant on voit que par cette methode (je veux dire en prenant par obfervation 
des rapports des co~effets au dedans des limites erdinaires. des intenfites des. caufcs) 

on 


7 
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one leffens much the errors in the other terms, which 
will refult from fuppofing them to be proportionate to the 
obferved proportions; and that one procures a fenfible 
exadtnefs nc a i the points of a£tual trial, which are at the 
lame time near the greateft number of the cafes of prac¬ 
tice for which one willies to find meafures. 

And if one conliders co-effe6ts in general, fetting alide 
this extreme difparity, one will perhaps feldom meet 
with any, which follow laws more different than the cor- 
refponding dilatations of quicklilver and brandy: even 
very frequently they will not deviate more than thofe of 
brandy and fpirits of wine; and in that cafe it has been 
feen, that this method reduces fo much the deviations by 
throwing them out of the limits of the ordinary cafes* 
that it may be ufed without fenfible error, when thofe 

co-effe£ts 


on diminue beaucoup les ecarts qu’on fera dans les autres termes en les fuppofant 
proportionnels aux rapports obferves; et qu’on fe procure raeme fenfiblement 
I’exadlitude, aux environs des points d’epreuve a£tuelle, qui font en meme terns 
les plus pres du plus grand nombre deS cas de pratique pour lefquels on cherche 
des mefurcs, 

Et li Ton confidere les co-eftets en general, mettant a part cette extreme dif- 
parite, on en trouvera peut-etre rarement qui fuivent des loix plus differentes 
que les dilatations correfpondantes du mercure et de l’eau de vie; tres fouvent 
meme ils ne s’ecarteront pas davantage que celles de l’eau de vie et de Peiprit de 
vin; et alors on a vu, que cette methode y reduit tellement les ecarts, er> les 
rejettant hors des limites des cas ordinaires, qu’on pourra'l’employer fans erreur 

fenfible. 
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co-effedts are not followed in all their degrees. Whilft, 
on the other hand, the method of taking the fundamen¬ 
tal proportions in points which are very diftant, under 
the idea of leflening the effedts of the errors, is exadtly 
that which accumulates a greater quantity of them upon 
the intermediate cafes, which are the moft frequent, and 
often the only ones in the which there is need in prac¬ 
tice of knowing the co-effedts by one another. 

One muft not, therefore, feek the power of the 
Thermometer which corredts watches, invented by the 
immortal harrison, by trying it in the temperatures of 
artificial congelation and in a ftove; for that is the way 
of deftroying a great part of its corredting effedt, in the 
very cafes wherein it is moft necefiary, by accumulating 
on them the deviations of two co-effedts, probably very 
little proportional, namely, the changes of the elaftic force 

of 


fenfible, quand on n’aura pas fuivi ces co-efFets dans tous leurs degres. Tandis 
que celle de cliercher leurs rapports en des points fort eloignes, dans l’idee de 
diminuer refFet des erreurs, eft precifement le moyen d’en accumuler le plus 
fur les cas intermediates, qui font lesplus frequensj et fouvent les feuls ou Ton 
ait beloin de connoitre les co-effefls les uns par les autres. 

II ne faut done pas, par exemple, cliercher le pouvoir du Thermomttre cor^ 
refteur des montres, invente par Timmortel harrison, en i’eprouvant dans les 
temperatures d’une congelation artificielle et d*une etuve : car e’eft le moyen de 
lui oter une grande partie de cet effet corre&eiar, dans les cas ou il eft le plus 
neceflaire -, puifque e’eft y accumuler les ecarts de deux co-effets probablement 
tres peu proportionncls; favoir les changemens de force elaftique d’un reffort 
Vo l. LXVIII. T t t fpiral. 
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of a fpiral fpring, combined with all the other alterations 
heat produces in a watch, and the different degrees of 
bending of a lamella competed of two metals differently 
dilatable by heat. I am apt to believe, that a part of the 
irregularities which ftill continue in thefe Watches with, 
correcting Thermometers, proceed from not having tried- 
their effects within the limits of the natural tempera¬ 
tures to which the watches are expofed. 

For the fame reafon it will not be proper to ufe very 
great differences of heat in the experiments intended to 
find the required combination of the two fubftances ia 
the pendulum: on the contrary, it will even be better to 
make them within the limits of the natural variations of 
heat which the pendulum will meet with in its place: 
for by that means, though thefe fubftances have not pro*- 

bably 


fpiral, combines avec toutes.Ies autres alterations que produit la chaleur dans 
une montre, et les differentes courboures qu’ eprouve une lame compofeede deux 
metaux differemment dilatables par la chaleur. Audi fuis-je porte a croire, 
qu*une partie des irregularites qui reftent encore dans ces montres a Thermome¬ 
tres corre£eurs, viennent de n’avoir pas cherche leurs effets au dedans des limites 
des temperatures naturelies ou les montres font expofees. 

Par la merae raifon il ne faudra pas employer de tres grandes differences de 
chaleur dans les experiences deftinees a trouver la combinaifon convenable des. 
deux matieres dans le pendulej et au contraire il conviendra de les faire en 
dedans meme des limites des variations naturelles de chaleur que le pendule 
eprouvera a fa place: car par la, quoique ces matieres n’ayent probablement pas 

la 
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bably the fame progreflion by heat, pne will not perceive 
in practice the effects of their differences. 

One muft not neither, from the compared dilatations 
of air and quicklilver in palling from the freezing to the 
boiling point, conclude the relation of the denlities of the 
air in the atmofphere with the height of the quicklilver 
in the Thermometer. For here, as in the comparifon be¬ 
tween fpirituous liquors and quicklilver,we have a double 
error to guard againft, that which may arife from the dif¬ 
ferences in the progreflion of all air and quicklilver by 
the variations of the heat, and that which more or lefs ex¬ 
halations and vapours certainly do produce in the dilata¬ 
tions of the former. I believe, therefore, that to confine 
one’s felf, in feeking for a common rule, within the li¬ 
mits of the moll frequent natural variations of heat, and 
©bferving their effects in the atmofphere itfelf, will be 

the 


la meme marche par la chaleur, on fera fenfiblement a l’abri des effets de leurs 
differences. 

II ne fauclra pas non plus chercher, par les rapports des dilatations de fair et 
du mercure en palfant de la glace a l’eau bouillante, ceux des denfites de l’air 
dans l’atmofphere avec la niarche du Thermometre. Car ici, coninae dans la 
comparaifon des liqueurs fpiritueufes au mercure, nous avons double erreur a 
prevenir: celle qui peut refulter des differences dans les marches de tout air et 
du mercure paries variations de chaleur, et celle qufrproduifent furement dansla 
xnarche du premier, le plus ou lc moins de vapeurs et d’exbalaifons qu il contient. 
Se renfermer done, pour la recherche d’une regie commune, dans l’etendue des 
variations de chaleur les plus frequentes, en obfervant leurs effets dans l’atmo- 

T t t 2 fphere 
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the fureft mean of diminilhing the errors, till fuch time 
as one fhall be able to follow thefe variations of denlity 
though all their caufes; enquiries worthy the greateft 
care of natural philosophers. 

For the fame reafons it will not be in the greateft and 
leaft degrees of heat in the atmofphere that we muft take 
the fundamental proportions of the refra6tions with the 
Thermometer: for unlefs one was likewife to determine 
by experiment fome of the intermediate proportions, 
one would probably be expofed to very great' errors; 
confidering firft, in general, that the changes of the den- 
fity of air by heat may poflibly, as I have juft faid, not 
obferve the fame law as thofe of the quick filver in the 
Thermometer; confidering likewife that the changes of 
the denlity of the atmofpherical air by heat are probably 

accom- 


fphere meme, fcra je crois le moyen le plus fur de diminuer les ,erreurs, jufqu’a 
ce qu’on foit en etat de fuivre pas a pas ces variations de denfite par toutes leurs 
eaufes; recherches dignes du plus grand foindes phyficiens. 

Par les memes raifons il ne faudra pas chercher dans les plus grandes et Id's 
moindres chaleurs de l’atmolphere, le rapport des refractions avec le Thermome« 
tre: car a moins.de determiner aufli par l’experience quelques uns des rapports 
intermediates, on feroit probablement lujet a de tres grandes erreurs: vu d’abord 
en general, que le9 changemens de denfite. de Pair par la chaleur, pourroient 
bien, commeje viens de la dire, nepas fuivre la meme loi que ceux du mercure 
dans le Thermometre: vu encore que les changemens de deniite de Pair atmo- 

fpherique 
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accompanied with a change of its nature, by the mix¬ 
ture of vapours and exhalations, which may occafion 
great variations in the law of dilatations; confidering 
above all, that the changes of refringent power and of 
denfity are two co-effects of very different nature, the 
progreffions of which may differ more, than thofe of the 
denfities alone in different bodies. Here then are com¬ 
plications of complications, which may very likely accu¬ 
mulate errors in the intervals of the proportions fur- 
nifhed by experience between the refractions and the 
indications of the Thermometer, if thofe proportions 
were taken in points very far diftant. The application 
of the theory of refractions to the practice of aftronomy 
is as delicate as important, and cannot be viewed in too 
many lightswhich determines me not to infill farther 

here 


fpherique par lachaleur, font probablement accompagnes de changement dans fa 
nature par le melange des vapeurs et des exhalaifons, ce qui peut rendre la loi 
de fes dilatations tres variable; vu furtout que les changemens de vertu refrin- 
gente et de denfite, font deux co-effets de nature bien differente, et dont les 
marches peuvent s’ecarter davantage, que celles des denfites feules dans differens 
corps. Voila done des complications de complications, qui pourroient bien 
accumuler des erreursdans l’intervalle des rapports fournis par l’expsrience entre 
les refraftions, et les indications du Thermometre, ft ces rapports etoient pris 
en des points fort etoignes. L’application de la theorie des refraSions a la pra¬ 
tique de l’aftronomic, eft auffi delicate qu^importante, et l’on ne fauroit 1 envi- 

fagor 
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here on this object, but to confider it by itfelf in another 

Paper. 

As to phyileal co-effedts in general, and I dare affert it 
here, in co-efFedts of all kinds, if one cannot fix all their 
relations, degree by degree, by immediate and fure ob- 
fervations, one mull avoid deducing general rules from 
relations taken in the extremes. The action of caufes, 
moral as well as phyfical, whether from the variety 
of the fubjedts on which they adt, whether from fecon- 
dary ones which efcape our obfervations, is too compli¬ 
cated, for the obfervable modifications to increafe in the 
exadt proportion of the evident caufes; and confequently 
for the co-effedts of thefe to be proportionate between 
themfelves. 

I ihall 


lager par trop de faces; ce qui me determine a ne pas m’etendre d’avantage 
ici fur cet objet, pour la traiter a part dans un autre Memoire. 

Quant aux co-effets phyliques en general, et j’ofe le dire ici, dans les co-effets 
de tout genre, ii l’on ne peut pas fixer tous leurs rapports degre par degre par des 
obfervations immediates et fures, il faut eviter de rirer des regies generales, de 
rapports pris dans les extremes. L’a&ion des caufes, tant morales que phy- 
fiques, eft trop compliquee, foit par la variete des fujets fur lefquels elles agif- 
fent, foit par des caufes fecondaires qui echappent a nos obfervations, pour que 
les modifications obfervables croilFent en proportion exa£le des caufes evidentes; 
-et par confcquent, pour que les co-efFets dc celles-ci foyent proportionels entr’eux. 

Je 


4 
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I: fhall now colledt the refults wf the preceding re¬ 
flexions with regard to phyfical meafures. 

When the inquiry is into general caufes, fuch as heat, 
the electric fluid, humor, light, the weight of the air, 
the fall of bodies, percuflion, 8cc. caufes concerning 
which we never acquire fufficient light, we muft endea¬ 
vour to find out what are their moft fimple effeits, in 
order to meafure the intenfity of them by thofe 
effects. In that cafe it is proper that the fixed terms 
of the meafure be taken at the greateft poflible 
diftances. For it being the moft fimple effedt, and con- 
fequently that which approaches neareft to follow, by 
its-degrees, thofe of the intenfity of the caufe, it will 
•ferve as a common meafure for all the other effedts de¬ 
pendant on it. One muft, therefore, afcertain the uni¬ 
form 


Je vais maintenant raftembler id 3 es refultats des reflexions precedentes a 
I’egard des Mefures phyfiques. 

Lorfqu’il s’agira de caufes generates, comme la chaleur, le fiuide ele&rique, 
V humor, la lumiere, le poids de Pair, la chute des corps, les chocs, &c. caufes 
fur l’action defquelles nous n’acqucrrons jamais aftez de lumieres, • il.fauf 
chercher quels font leurs efiets les plus fimples, afin de mefurer teur intenfite 
par ces efFcts. Alors fans doute il conviervt que les termes fixes de la mefurc 
foyent pris aux plus grandes diftances poftibles. Car s'agiftant de l’effet le plus 
fimple, et par confequent le plus approchant de fuivre par fes- degrcs ceux de 
l’intenfite de la caufe, il fervira de mefure commune po- r tous les autres effet 
qui en dependent. 11 faut done affurer la conftrudtion uniforme de la mefure; 
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form conftru<5tion of the meafure, which cannot be more 
accurately obtained than by a great diftance of the fixed 
points; and attempt, however, by every means pofiible, 
to find the proportions of this moft fimple and moft re¬ 
gular effect, with its caufe. It is on this account, that, 
in my treatife on the Thermometer, I have expofed all 
the reafons which lead me to believe that quickfilver is 
the body whofe changes of bulk are moft proportionate 
to the variations of heat which produce them, in order to 
affure to this liquid the preference as a common meafure 
of heat: and that afterwards, as I have faid above, I looked 
for the proportions of its progreffion with thofe of heat 
itlelf. 

But as to the co-effe<fts which will be indicated by 
thefe meafures of general caufes, unlefs they can be de¬ 
termined degree after degree by experiment, and the 

objects 


ce qu’on obtient plus furement par unc grande diftance des points fixes; et 
chercher cependant par tons Ies moyens poflibles Ies rapports de cet effet le plus 
regulier, avec fa caufe. C’eft par ces raifons que dans mon traite fur le Ther¬ 
mometre, j’ai raftemhle tous les motifs qui me portent a croire que le mercurc 
eft celui des corps dont les changemens de volume font les plus proportionnels 
aux variations de lachaleur qui Ies produifent; afin d’affurer a ce liquide la pre¬ 
ference pour la mefure commune de la chaleur: et qu’enfuite, comme je l’ai dit 
ci-deftus, j’ai cherche les rapports de fa marche avec celle de la chaleur elle- 
memc. 

Mais quant auxco-efFe<fts qui feront indiques par ces mefures des caufes gene- 
rales, a moins qu’on ne puilfe les determiner degre par degre a l’aide de l’expe- 

rience. 
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©bje£ts are delicate enough to make this neceffary, the 
Jfafeft, and at the fame time moft convenient, method 
will be always to keep within the limits of the natural 
cafes, to fix the fundamental points of the proportions; 
ufing for that purpofe all the fupplies of art and found 
logic to come as near to exa&nefs as poflible in fixing 
thefe bafes. It is this confideration which feems to 
me to give fome value to the method of afeertaining the 
relative expanfibilities of bodies, which is the fubjecl of 
the firft part of this paper. If the co-effects arc propor¬ 
tionate between them, there will be little loft in not taking 
diftant terms of companion, if they are taken exadrly. 
If the co-effects are not proportionate, there will be much 
gain; and the lefs they are, fo much the more. 

We are obliged to take up with probability in Nature 
in fo many refpedts, that it is perhaps of more impor¬ 
tance 


rience, ct que les objets foyent aftbs delicats pour qu’il lc faille, la methodc la 
plus fure, et en meme terns la plus commode, fera toujours c!e rentrer en dedans 
des limitos des cas nature's, pour fixer les points fondamentaux des rapports; 
cn employant tout ce que Tart ct la bonne logique peuvent fournir do iecours et 
de methodes pour approcher ie plus qu’il eft poflible de l’exactitude en ftxant ces 
bafes. C’eft cette confideration qui me paroit donner du prix a la methode de 
fixer les expanfibilites relatives des corps, qui fait le fujet de la premiere partis 
de ce Memoire. Si les co-effets font proportion nels entr’eux, on perdra peu a 
ne pas prendre destermesde comparaifon eloignes, pourvu qu’on les p;ennc avee 
exa&itude. S’ils ne Ic font pas, on gagnera beaucoup; et d’autant plus, qu*ils 
le feront moins. 

Nous fommes obliges de nous contentcr du probable a tant d’egards dans la 

Vol. LXVIII. U u u Nature, 
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tance to us to inveftigate the phyfical rules of probabi¬ 
lity than to attend to its mathematical rules upon hypo- 
thefes. 


EXPLANATION OF THE FIGURES. 


F I G. I. 

a a A rod of a fubftance little dilatable by heat (glafs for 
inftance) fufpended vertically. 
b A bracket, from which hangs that rod. 
c Point of fufpenjion of the rod. It is the point where the 
rod is free from the preffure of the piece which keeps 

it 


Nature, que chercher les regies phyfiques de la probabilite, nous eft peut-etre 
plus effentiel, que de nous attacher a fes regies mathematiques fur des bypothefes* 


EXPLICATION DES FIGURE S. 

F I G. I. 

eta Une branche d’une matiere pen dilatable par la chaleur (de verre par exem- 
ple) fufpenduc verticalement. 
b Une pi; ce fixee quelque part, d’ou pend cette branche. 

c Point de fufpen/ton de la nierae branche, C’eft celui ou elle fe trove degagee 

de 
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it fufpended; and it is from that point only that the 
length of the rod is reckoned. This is the rod which 
is called fixed in the paper. 

dd A rod of a more dilatable fubftance than the former. 
e Point at which the rods are connected, called in the 
paper point of union of the rods. 
f Point marked upon the rod dd at the middle height of 
the rod a a. 

g Another point upon the fame rod, at the third part of 
that height. 

The rod dd is the one which is called free in the 
paper. If then that free rod has a dilatability 
double of that of the fixed rod , the point / fhall 
be immoveable , notwithstanding the variations 
of the heat. If the firft dilatability is triple, 
then the point d will be immoveable, 

FIG. 


de la piece qui la tient fufpendue; et e’eft de cc point feulement que doit fe 
compter la longueur de la branche. C’eft celle qui eft dite fixee dans le 
Memoire. 

dd Une branche d’une autre matiere plus dilatable que la premiere. 
e Point ou les-deux branches font goupillees enfemble, nomine' dans le memoire 
point de reunion des branches. 

/Point matque fur la branche dd a la moite de la hauteur dela branche a a. 
g Autre point marque fur la meme branche, ait tiers de la hauteur de l’autre. 

La branche dd eft celle qui eft dittc libre dans le Memoire. Si done cette 
branche libre a une dilatabilite double de celle de la branche jixee> le point 
f fera immobile, malgre les variation de la chaleur. Si la premiere dila¬ 
tabilite eft triple de laderniere, ce fera le point*/ qui fera immobile. 

U u u 2 FIG. 
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FIG. II. 

a a Stand to which the Pyrometer is fufpended. 
b The hook from which it hangs. 

ccc The deal-board which is the bafis of the whole ap¬ 
paratus. 

dddd Four arms to which the frame eeee is fixed. 
eeee The frame. 

ssss Another frame, which carries the Microfcope. 
gg Two crofs pieces, through which pafles the tube of 
the Microfcope, and which fupport it near both ends. 
bb The Microfcope. 
i Its Micrometer. 

k Cork, through which pafles the glafs rod, and by 
which it is kept fufpended. 

Il The 


FIG. II. 

a a Le fupport auquei eft fufpendu le Pyrometre. 
b Le crochet d’ou il pend. 

ccc La planche de fapin qui fertde bale a tout 1’appareil. 
dddd Quatre bras qui fervent a porter le cadre eeee . 
eeee Ce cadre. 

ffff Le chaflis qui porte le Microfcope. 

gg Deux traverfes dans lefquelles pafle le tube du Microfcope, pour le foutenir 
pres de fes deux bouts. 
bb Le Microfcope lui meme, 
i Son Micrometre. 

k Liege dans lequel la branche de verre eft tenue* 


i 


//La 
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// The glafs rod. 
m h rod of metal, or of any other fubftance lefs dilata¬ 
ble than glafs. 

n Point of union y obtained by means of two connected 
rings, in which both rods are fattened by ferews. 

Higher up is another pair of rings, in one of which 
the metal rod is free, and which rod it fupports. 
op The piece to which the glafs rod is fufpended. 
q A fquare piece fixed to the frame by four ferews, be¬ 
hind which is a box, in which, as well as in a groove 
cut in the bafis in />, the piece op Aides. 
r A ferew, which pafles through the fquare piece q, 
whofe ufe is to move backwards or forwards the piece 
< 7 , in order to bring the furface of the metal rod to the 
focus of the Microfcope. 

sjss Four 


ll La branche de. verre, 

m La branche de metal, ou de toute autre fubftance plus dilatable que le verre, 
n Le point de reunion ,, prodult par deux anneaux accouples, ou cliacune des 
branches eft fixee par une vis, 

Un double anneau femblable, mais ou- la branche de metal paiTe librement, 
fe voit plus haut, et fert a foutenir cette derniere branche. 
op La piece a laquelle la branche de verre eft fufpendue. 

q Une autre piece fixee fur le cadre par 4 vis, derriere laquelle eft une boite ou 
la piece op glifle fort jufte, ainfi que dans une mortal fe faite a la planchc 
ccc en p. 

r Une vis qui pafte au travers de la piece et qui fert a faire mouvoir la piece 
op en avant ou en arriere pour amener la furface de la branche tie metal 
au foyer du Microfcope, 

ssss Quatrc 
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ssss Four fcrews, with round metal plates behind 
their heads, which ferve to prefs the frame of 
the Microfcope againft the frame eeee: the longitu¬ 
dinal openings, through which pafs the fcrews, per¬ 
mit the free motion of the firft frame, when one 
ftrikes gently with a hammer to the bottom or the 
top of one of the tides. 

When one wants the Microfcope higher or lower 
than the. grooves permit, one may change the 
fcrews in other holes made on purpofe in the 
fide pieces of the frame eeee. 
frt 11 The cylindrical bottle, in which hang the rods, in 
order to be heated at different degrees by water of 
various temperatures. 

■uu Supporters of the bottle, 

x Ther- 


ssss Quatre vis, ayant dcs plaques de metal derriere leurs tetes, qui fervent a 
preffer le ehafiis du Microfcope contre le cadre eeee; fans empecher cependant 
que ce chaffis ne puilfe monter ou defcendre (par le moyen des ouvertures 
longitiidinales ou paffent les vis) en frappant des petits coups de marteau 
delfous ou deifus l’un des cotes. 

Quand on a befoin de placer le Microfcope plus haut ou plus bas que les 
coulilfes ne peuvent le permettre, on change les vis en d’autres trous qui 
font le long des montans du cadre eeee f 

tttt La bduteille cylindrique dans laquelle pendent les branches pour y etre 
echauffees a differens degres, par de Feau a difFerentes temperatures* 
m te Supports de cette bouteille* 


* Ther- 
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x Thermometer fufpended in the water. 
yy A rod, to the lower end of which is fixed a fmall 
plate, to ftir the water by moving it up and down. 
zz A fyphon, one branch of which is within, and the 
other without, the bottle, the latter with a cock; 
ferving to draw off the quantity of water which is 
neceffary for changing the temperature in the bottle.- 

r 1 g. nr. 

a The ball of the Areometer , which is of glafs and 
empty, except 

b The fmall cittern at the bottom, which contains quicks 
filver. 

ec The branch , made of a thin metal tube, cemented to 
the ball.. 


4*5)15 Two 


x Thermometre fufpendu dans l’eau- 

yy Baguette au bas de laquelle eft une petite plaque, qui fert a agiter l’eau en la 
faifant mouvoir de bas en haut et de haut en bas; 
js z Syphon, dont une des branches eft dans la bouteille, et l’autre au dehors 
portant un robinet; fervant a tirer de la bouteille la quantite d ? eau neceftaire 
aux changemens de degres de chaleur, 

F I G. Ill* 

a Boule de VAreotnetre, qui eft de verre et vuide, excepte 
y Le petit refervoir rempli de mercure* 

c c La branche, faite d’un tube mince de metal cimente a la boule* 


45,15 Peux 
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45, r 5 Two threads tied to the branch, which are the 
fixed points of the Areometer, as intended totryfpi- 
rituous liquors. 

The conftru&ion of the whole fcale is explained in 
the paper. 

One may apply another fcale on the oppofite lide of 
the branch (fuch as the arbitrary fcale in the figure) in¬ 
tended to try merely the fpecific gravity of the liquids in 
which the Areometer may be dipped. The particular 
fixed points of this fcale (as for inftance dd) may be taken 
in two liquids whatfoever, whofe fpecific gravities, tried 
by the hydroftatic balance, fhall have a convenient rela¬ 
tion ; and the fpace between thofe two points will be di¬ 
vided into a convenient number of equal parts. 

The 


^45,15 Deux fils attaches autour de la branche, qui font les points fixes de 1 'Areo~ 
metre , comme deftinc a l’epreuve des liqueurs fpiritueufes. 

La conftru£tion de toute cette echelle eft expliquee dans le Memoire. 

On peut tracer de l’autre cote de la branche une autre echelle (comme l’echelle 
arbitraire de la figure) marquant {implement les pefanteurs fpecifiques des liquides 
dans lefquels VAreometre fera plonge. Ses points fixes (comme par exemple dd) 
pourront aufli etre marques par des fils dans deux liqueurs quelconque, ou la 
balance hydroftatique aura indique des pefanteurs fpecifiques qui ayent entr’elles 
des rapports fimples, dont la difference fera divifee enfuite en parties egales fur 
d’echelle. 


II 
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The proportions are not determined in this figure, 
which ferves only to help the explanation of the princi¬ 
ples upon which a comparable Areometer might be con- 
ftru&ed. 


II n’y a rien de determine dans les proportions de cette figure, qui fert unique- 
ment a rendre plus intelligible les principes fur lefquels on pourtoit conftruirc 
u;n Arhmetre comparable . 
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